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PRIMED IN GREAT BKHAIN 



GENERAL PREFACE 


The rapi^ development of Applied Chemistry in recent years 
has brought about a revolution in all branches of technology. 
This growth has been accelerated during the war, and the 
British* Empire has now an opportunity of increasing its 
industrial output by the application of this knowledge to the, 
raw materials available in the different parts of the wo^ld. 
The sufiject in this series of handbooks will^be treated from 
the chemical rather than the engineering stailUpoint. The 
industrial aspect will also be more prominent than that^of 
the laboratory. Each volume will be complete in itself, and 
will give a general survey of the industry, showing how 
chemi|^l principles Jiiave been applied and have affected 
manufactur|. The influence of new inventions on the 
•developnftnt df the industiy will be shown, as also fhe 
effect of industrial requirements in stimulating invention. 
Historical notes will be a feature in dealing with the 
different branclfts of the subject, but they will be kept 
within moderate limits.. Present tendencies and possibld 
future diffelopAents wiil have attention, and some space 
wifi be devoted a coijparison ^f industrial methods and 
progregg in the cMef producing countries. There will be a 
general bibliography, an^ also a select bibliography to follow 
each sectidn. Statistical information \^^1 only be introduced 
in so far |ls it series to illustrate the line of argument. 

Each book will*be divided into sections instead of 
chaptei^,^anTl the sections will deal with separate Toranches 
* the su^jett in the nianner of |i special article or mono- 
gfaph. An attempt will, in fact, be made to get away fronaf 
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the orthodox textbook manner, not only to make the treat- 
ment original, but also to appeal to the very largg-<luss of 
r&ders already possessing good textbooks, qf wmch there 
ar5 quite sufficient. The books should also b^ found useful 
by men of affairs having no spetial technical knowledge, but 
who may require from*time to time ^o refer to.techniial 
matters in a book of moderate compass, with references to 
the large standard works for fuller details bn special ptf)hits 
if required. 

To the advanced student the books should be'especially 
valuable. His mind is often crammed with the hard facts 
and details of his subject which crowd out the power of 
realizing the industry as a whole. These books are intended 
to remedy such a state of affairs. While recapitulating the* 
*essantial basic facts, they will aim at presenting the reality 
of the living indiKtry. It has long been a drawback, of our 
technical edufatiin that the college graduate, on commencing 
Jiis industrial career, is positively handicapped by his 
acddemic knowledge because of his lack of information on 
current industrial conditions. A book giving a compre- 
hensive survey of the industry can be of very material 
assistance to the student as an adjunct Ho'iiis ordinnb text- 
books, and this is one of the chief objects^ of ^ t\ie present, 
series. Those actually engaged in the industry who have 
specialized in rather narrow limits will probably find these 
books more readable than the* largtr textljooks when they 
^'isU to refresh their memories in regard to branches of the 
subject with which they are not inttnediatej” concerned. 

The volume will also serve as a guid« to the ’standard 
literature of the subject; and proVe of^value to the edff- 
sultant, so that, having obtained a compsehensive -fiew of 
the whole industry, he can go* at once to the proper 
authorities for more elaborate ipformation on special points, 
and thus save a couple of days spent ir hunting through the 
librariestof scientific societies. 

As far as this country is concerned, it }s believed thatc 
tthe general* scheme of this series 8f handbooks *ls unique, 
and it !is confidently hoped that it will supply mental 
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munitions for the coming industrial wdr. I haye been 
fortuna^ In securing writers for the different volumes jjho 
are speciall]^ connected with the several departments of 
industrial Chemistry, and^trust tjiat the whole series Vill 
contribute to the further develppnient of applied chemistry 
throughout tjie Empire. 

SAMUEE RIDEAE. 



PUBLISHERS’ NOTE 


Wc much regret that, owiug to the continued 
%nd uncxpecyd increase in the cost of printing , 
since the.Arkisfice, it has been found impossible 
to publish future volumes in the '‘Industrial 
Chemistry Series " at the price originally fixed 
of 7/6 each. If, as it is hoped, prices become 
more reasonable, we propose to revest ls nearly^ 
as possible to the earlier arrangement. 



AUtH®R’S PREFACE 

[n the following pages the author has endeavoured to give 
1 clear but concise account of the manufacture of explosives, 
:ogether with an outline of the methods used for investi- 
gating thki class of substance. The explosives industry is 
m Important one, both in time of ])eace and in time of war, 
ind is intimately bound u]) with the synthetic dyestuff and 
irtificial fcrtilizer industries. These two la^er industries 
!re on the point of being established on what vne trusts 
will be a secure basis in this country, and probably the^ 
explosives industry will expand with them. The experience 
gained by the troops and by the munition workers during 
the war in the handling and use of explosives should hat^e 
largely mliov^d the distrust in which these bodies are 
Lis#ially held^and at the same time have demonstrated their* 
nanifold uses. It is certain that prior to the war the use 
3f explosives in this country )jas far too restricted, only 
miall quai]J:ities be^ng used for agricultural purposes, such 
IS breaking up subsoil, drainage, etc. In the future it is 
lioped that^they ^ill be more extensively used for general 
;)urp^ses, and this wMl no doubt prove to be the case if they 
ire made available at<»a low price, 'fhe enormous nitrating 
plants es*tabli.shQd for war purposes and the advent of 
synthetic ammonium aitrate should render this possible 
with nitrate of ammonia explosives. The author has 
devoted a special sectidh to Coal Mine Explosives, as the 
importance of Mie subject seems to warrant special ^reat- 
inftit^ It istWlied'that thf British (government will divert 
50m^ of the*mo«iey that is to be expended on "*Sci^iU;ific 
Research ” to the investigation of shot firing ip coal mines, 
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as to the pcesent they seem to havt rested cbntent with 
carrying out the official tests. It is rather depressing to 
'find that, in spite of our enormous coal field^Twe carry out 
less work on coal mine explosives than any of the important 
coal-getting countries in eittier hemisphere. There seems 
to be no British publication analogous to the excellent 
“ Bulletins of the U.S. Bureau of Mines ” 6r the “ Bulletins, 
of the U.S. Bureau of Explosives." * ‘ « * 

The author wishes Ijo acknowledge his iudebtedness to 
C. A. Marshall’s invaluable work “ Explosives ; fbeir History, 
Manufacture, Properties and Uses," in which the industry 
is treated in far greater detail than is possible in a volume 
of this size. 

E. DE BARRY BARNETT. 

/g/g. 



CONTENTS 


GENERAL PREFACE . 
AUTIIOFj’S PREFACE . 
ABBREVIATIONS . 


FAGS 

V 

ix 

XV 


INTRODUCTION 

Historical fikctcli. Explosives Act, 1875. Buildings and ^afety. Imports 
and Consumption. Official Clas'jification. Bibliography* 


SECTION L-GUNPOWDER 

H'# ♦ ‘ 

Composition. Fi st Mixing. Incorporating or Milling. Pressing. Granu- 
• lating «r Corming. Glaring. Stoving or Drying. Blending. * 
Moulding. Sodium Nitrate Powders. Sprengsalpetor. Bobbinite. 
Stability, etc. Literature 17 


SEG-TIOn' II.— explosive c’ompounds 

« • • 

Nitroglycerine. Nilrat^pg House. Separating House. Wash and 

FiUfr»House, After-Separation. Nitrator-Separator ... 31 

Nitrocellulose. C?uncotton. Abel Process. Dir<;^t Dipping Process. 
DisplaceSient Process^ Nitrating Centrifugals. Collodion. Wash- 
ing Pul^iigg ., . . * 43 

Nitroanortniti^ Compounds^ Dinitrolrenzole. Dinitrotoludl. Trinitro- 
toluol. Picric Acid. Tetranitroaniline. Tetranitrometbylanilftie . 51 

Miscelluie^us CAnpounds. Nitromethane. Tetranitromethane. Nitro- 
« , sugars.,* Kitro- nannitol. ^Nitro-starch. Hexanitrodiphcnylamine. 

• Hexanitwdiphcnyl Sulphide. Hexanitrodiphcnyl Oxide. Hexjinitro- 

• oxanilide. ^xanitrodiphenyl • , 61 

Spent Acids. Literature « . . ^ . 6^ 



xii 


CONTENTS 


SECTION lII.-SMOKELESS PROPELLANTS . 

i* 

PROPELLANTS FOR RIFLED ARMS/. 

Nitroglycerine Propellants, Ballistite. Cordite Mark 1. ^'cordite M.D. 

Filite. Solenite. Wurfel|^ulver. Rohrenpulver. Arile. Modditc . 72 

Nitrocellulose Propellants. U.S. Military Pow4er. Poudrc B 79 

PROPELLANTS FOR SHOT GUNS 
33-grain Powders. 42*grain Powders. Schultze Powder. *^Amberite. 

E.C. Powder, Smokeless Diamond, loudre S. Poudre T. 
Poudre M. Poudre T. Mnllerite. Fasan. Tiger. Rothwcil. 
Walsrode, Adler*Marke . . ! . .82 

Aliphatic Solvents. Literature .87 

SECTION IV.-BLASTING EXPLOSIVES 

Dynamite and its Congeners. Dynamite No. 1. Dynamite No. 2. 
Dynamite No. 3. Giant Powder. French Dynamites. Carbo- 
• dynamite. American Straight Dynamites. Ammonia Dynamite. 
Judson Powder* Vulcan Powder. Stump Powder Low Powder . 93 

Gelatinized Explofives. Blasting Gelatine. Gelatine Dynainitc. 

Gelignite.* American (iclalins. French Gomroes. Forcite . . 99 

Chlorate and Perchlorate Mixtures. Sprengel Explosives. Promethee. 


• Rack-a-Rock. Liquid Air Explosives. Chcdditc. Sleelilc. 

Yonckile. Bla.stine. Pernitr.al 106 

Ammonium Nitrate Explosives. Astralu. Fulmcmt. Ammonal. 

• Ge.stcins-Westfaiu . . .113 

Tonite. Literature . . *r • US 


SECTION V.-SAFETY COAL MINE 
EXPL9SIVES 

Duration of Flame. Test Galleries, German Gallery, Austrian Gallery. 

' Belgian Gallery. French Gallery. U.S. Gallery. British Gallery. 
Rotherham Test. British Permitted Explo-sives. Bo’ binite. German 
Explosives. Austrian Explosives. Belgian ExplosiL S.G.P. 
French Explosifs de Surctc, Literature , ‘ . . . *117 


SECTION VI.— PERCUSSION CAPS*' 
DETONATORS AND FUZES 

3apS and Detorators. Mercury Fulminate. Lead Azide. P irtu ;sinn 
Caps. Wet Mixing. Dry Mixing. Jelly Bag. Triplex Safety Glass. 

Cap Filling. Detonators. Composite Detonators. S,zes of Deto- 
nators. Filling Detonators. Testing Detonators. Detonators 142 

Fuzes. Safety Fuze. Instantaneous Fuze. t^uick-Match. Sicw-Match. ^ 


Detonating Fuze. Shell Fuzes .136 

Jterature 160 



CONTENTS 


xm 

SECTION VI.-MATCHES, PYRdPHORIG 
ALLOYS AND PYROTECHNY 

PAO« 

Matches . P62 

Pyrophoric Alloys . • • • • * 168 

Pyrstechn^ . . f • * • * 7 ° 

Literature . . . >177 


* /ECTION'VIII.-EXPLOgiVE PROPERTIES 

Power and 6risance. Trauzl Lead Block. Mortar, Ballistic Pendulum, 

Bnsance Meter . 178 

Velocity 8f Dkonation. Mettcgang Recorder. Dautrich’s Method. 
Influence of Diameter and Density. Nitroglycerine. American 
.Strrdght Dynamites, Gelatinized Explosives and Ammonia Dyna- 

♦ * mites, Tables 185 

Pressure, Heat and Temperature. Rodman Gauge. Cruslicr Gauge. ' 

Bichc! Kecordci^ Peteval Recorder. Bombs and Bomb-Calorimeters, 

CalHulalion of Temperature . . . 19S 

^ Chronography. Internal and External Ballistics. Le Boulanjje Chrono- 
graph. Klcpsydra. Bashforth Chronograph. Schullze-Marcel- 
Dieprez Chronograph. Mahieu Chronograph . . . ,502^ 

Literature, .... . .... 205 


, ^ STABILITY 

Mechanical Shock. Detonation. Influence, Meat and Ignition. Incor- 
poration. Deliquescence. Exudation. Abel Heat Test. Guttmann 
Test. Moir T^sl. Spic'*. TesF. Vieille Test. Waltham Abbey 
Silvaecd Vessel Test. German 135® C. Test. Will Test . . 207 

Literature . . 225 

CONCLUSION . .^ 227 

INDEX.,,, . 235 




. APBREVIATIONS 

LITflRATURE* 

• 

A, Annalen der C hemic. 

A. E. Arms and Explosives. 

• A.R. Annua!*Report of H.M. Inspector of Explosives. 

B. Berichte des Deiitschen Chemischen GetellschafU 

C. r. Comptes *rendues, 

J.S. f. 7 . Journal of the Society of Chemical Industry. 

I\S. Memorial des Poudres et Salpitres. 

Soc. Transactions of the Qhemical Society. 

^ ^.R. Special* Report by H.M. Inspector of Explosives. 

6^6*. Zeitschnft f. Gesamte Schicss — u. Sprengstoff Wesen. 

D. R.P. Deutsches Reichs Patent. 

A.P. American Patent. 

E. P. Englisli^Patent. 

F. P. French Patent, 

COMPOUNDS, Etc. 

The following abbreviations, which are current in all explosives works in , 
Grelt Britain, aroused thftiughout the text 

B.G. Blasting Gelatine^ M.N.N. Mononitronaphthalene. 

• C.C. Collodion Cotton. • M.N.T. Monomtrotoluol. 

D.N.B. Dimtrobenre^^. * N.C. Nitrocellulose. 

D.N.N. Efinitronaphthalcne. N.G. Nitroglycerine. 

D.N.T. Dinitrotoliml. ^ P.A. Picric Acid. 

G.C. Guncotlpn. • T.N.A. liftranitroaniline. 

G.P. Gunjftwder. , T.N.N. Trinitronaphthalene. 

Mi^. Mineral Jelly. • T.N«T. Trinitrotoluol. 

M.N.B. Munonitrobenzese. W.M. Wood Meal. 

M.A, is mixed acid fhitric and sulpjfuric) and N.A. nitrjj acid of any strength, 
the monohydrate being denoted its chemical formula, HNO,. S.A. is sul- 
phuric acid 0 ? any strength, yie commerciaUconcentrated acid (i68®Tw.) being 
denoted by C^^rV^(concentrated,ml of vitriol), D.O.V. (double oiiof vitriol) or 
R.O.V, (rectified oil of vitriol). The monohydrate is denoted by its chjpical 
» formula, HgSO^^ The^uming acid is known as “ oleum," or much less frequently 
^as or N.C^^^ (fuming oil of v^riol, Nordha^sen oil of vitriol). 




EXJ^LOSIVES 


IN'J'RODUCTION 

Historical Sketch. — The origin of gunpowder, which was 
the only explosive known until the middle of the uiiie- 
teeiy:h ceTitury, is uncertain. vSome authors regard Greek 
Tire, rather extensively used in the defence of ConstanJ;!- 
nople in the seventh century, as a form^of gunpowder, 
r^^but it sJenis reasonably certain that this tvas merely an 
incendiary mixture to which crude nitre may or may not 
have been added in order to make it burn more fiercely* 
The Chinese seem to have made use of gunpowder in war- 
fare aboiAt 1232, and the writings of Roger Bacon contain 
directioi;'^,for the jiurification of nitre and anagrams and 
cryptograms tvhich appear to describe the preparation o{ 
gitnpowder *aTtIIofigh some doubt has been cast on their 
authenticity. His later works, however, notably “ Opus 
Tertium,” “ De Secretis,”.and*“Opus Magnus," leave no 
doubt that he was acquainted with explosive mixtures/)! 
sulphur, charcoaV and nitre. About this period also, the 
Arabs seem fo have had knowledge of Bie explosive pro- 
perties of similar mixtures. • • 

The Q^^ly uses gunpowder were confined to warfare, 
and no use seeihs to hav^ been made qfc it for blasting 
purposes«for Several huSdred years. It was originally used 
in the fflyin ©f Crude hand grenades, and proba^ily was at 
first of most use in strimng terror into the enemy. Cannon 
were first •u«gd bv the English in 1346 at the battle of 
CreeVf but So^n to have Ven used* a few year& prior to 
this m the Hispano-Moorish wars. * 

• The manufacture of gunpowder was origihally earned 
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out by the very crude method of pounding the ingredients 
together by hand in mortars, but edge runners were intro- 
deiced towards the end of the sixteenth century. The 
original mixtures w’ere^ of very fine grain, wef-e deliquescent, 
and the ingredients sejiarj^tecf very onsily when the powder 
suffered vibration as in transport. In the fourteenth 
century attempts were made to avo^ this lafter defect by 
the addition of camphor, sal-ammoniac and gum, Snd .in 
the sixteenth century the process of “ corning " or “ granu- 
lating ” was introduced. This was done by moistening 
the powder during the latter stages of mixing, so as to obtain 
a cake which was subsequently broken up and sifted. 

Fuzed shell were first introduced in 1588, but the fuzes 
were naturally of a very crude nature. More accurate 
fuzes were employed by the British at the siege of Gib- 
raltar in 17791 and shrapnel shell was introduced a few 
years later. * 

' , Berthollet, as a result of his researches on chlorates, in 
1788 suggested substituting potassium chlorate for nitre, 
and obtained a more powerful explosive by this means, 
but it was too dangerous to make or use. A chlorate powder, 
however, was adopted in 1805 by Forsyth as a priming 
charge. 

Fulminate caps seem to have come- into use first about 
1815, and in 1831 Bickford first introduced safety fuze. 
The discovery of guncotton by vSehonbein in 1&45, and of 

‘ nitroglycerine by Sobrero in 1846, opened up new fields, 
although the aceidents attendant on the manufacture of 
these substances at first greatly , delayed their general intro- 
duction. Schdnbein sold the BriFsh. rights of his patent 
to John Hall and Sons, of Faversham, who manufactured 
guncotton for a few months, but abandoned it^in 1847, 
after a disastrous explosion. Six yea^s later , thg Austrian 
Government took up the matter,' and General von Fenk 
constructed some batteries in which guncott^on was used 
both as Ok propellant and as a bt^rsting charge for the. sjhell. 
The^e‘* were not an unmitigated success, ^ and after* two 
disa'^trous explosions in 1865, they were abandoned. 
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In the meantime the British Governftient had^ taken 
up the subject, and Frederick Abel carried out investiga- 
tions on thei^^ behalf. He quickly realized that the insta- 
bility of guncotton was due to the difficulty in washing it, 
an(|in 1865 introdiu^d the^)ulpin^ process. Simple as it 
may seem, this must be regarded as an epoch-making dis- 
covery, as it at once changed a very dangerous process into 
one* €>f the safest* known in an explosives works. Also the 
wet pulp cftuld be cojnpressed* into blocks which were 
convenieift for transport and use. The usefulness of these 
blocks was greatly enhanced by the discovery by Braun 
in 1868 that dry guncotton could be fired by a fulminate 
detonator, and that wet guncotton could be fired in the same 
’.iay if a small primer of dry guncotton was used. The, 
value of this discovery will be realized when it is rem'em- 
bered ^hat wet* guncotton is non-iiiflaiVmable and in- 
sensitive to shock. These slabs of wet guncotton have for 
many years been the standard explosive for military demqli-* 
tions and for signal maroons, and until quite recently have 
been the invariable charge for torpedoes. • 

As stated abo’^e, nitroglycerine was discovered in 1846 
by vSoK^ro, owho, however, does not seem to have attached 
iiny impOBfccffive to the discovery, and it was not until Alfred 
Nobel took up the subject in 1862 that any attempt was made 
to employ it as an explosive. J[n this year Nobel commenced 
its manu|acture nf:ar Stocliholm in Sweden, but the numerous 
accidents that accompanied its use soon led to its prohibi** 
tioii by all, countries. J^obel then sought for a means of 
rendering‘s it more* safe, and discovered in 1867 that this 
could be done by, absorbing it in some porous material. 
The most suitabl(f material of this nature was found to be 
kieselguhr, ^ood qualiiies* of which will &ke up three times 
their weight of nitioglycerine^and still remain dry, although 
Nobel'llso patented Ae use of other porous niaterials, such 
as brick dust, plaster, etc. 

• • A greai 'gidv^nce wa^ made in ^875, when Nobel intro- 
duced his first gelatinous explosive. The discovei^ ef this ' 
is said to have been due to an accident, Nobel having used 
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collodion solution to close a cut in his hand and then having 
noticed that this formed a jelly with the nitro^ycerine with 
wjiich he was carrying out some experimeril^ later in the 
day. The first explosive of this nature, Blasting Gelatine, 
contained about ()2 pe^ cent.' of nitiiioglycerine and 8;per 
cent, oi collodion cotton. It experienced an immediate 
success, but a demand at once arosj; for, less* violent and 
less brisaiit explosives of the same nature. These '-were 
readily made by preimriug a thinnt^r jelly and then doping 
with potassium nitrate and wood meal. Mixtures of this 
nature have met with very wide use under the names of 
Gelatine Dynamite and Gelignite, Gelatine Dynamite being 
stronger than Gelignite, but not so strong as ‘Blasting 
- Gelatine. *' 

A new class of explosive was introduced by Sprengel 
in 1871. He found that mixtures of suitable «forganic 
matter, such as nitrobenzole, and strong or fuming nitric ' 
* acid or licpiid nitrogen tetroxide, could be detonated. 
These had the advantage that the ingredients were kept 
se])aratc and only mixed just before the shot was fited, and 
although nitric acid is an inconvenient Jiquid to transport, 
Sprengel explosives enjoyed some vogue. A n? ore 'rational 
explosive of the Sprengel class was introduced* by Devine b. 
1880. This consisted in a cartridge of potassium chlorate 
which immediately before u^ was dipped into an organic 
liquid such as nitrobenzole. Rock-a-rock‘was anj^xplosive 
'of this nature, and was used in 1885 for blasting Hell Gate 
Rock in New York harbour. The first ammoiMum nitrate 
explosive was introduced by Fayier in 1885, but attracted 
scant attention at the time on account, of its objectionable 
hygroscopic properties. Finally, ^in recent years proposals 
have been made to employ mixtures Xjf liquid air or ^oxygen 
in conjunction with organic matter, ami altiiougii a good 
deal ot, the blasting in connection with the Simplon tunnel 
was carried out with explosives of this daks, tl^ey suffer 
from obviqus disadvantages and «ire never lik'ety to qom^ 
into "gcheral use. They have been used, however, lor 
general blasting purposes in Germany during the war. 

' i ‘ ‘ ' 
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It may bl mentioned that explosives of the Sprengel class 
have never been used in this country, as mixing tlie in- 
gredients is rt'^arded as a process of manufacture within the 
meaning of the Act, and as such can only be carried on an 
licensed premises (Explosives«Act, 18^5). 

As stated on page 2, Berthollet fn 1788 was the first to 
propose the ns^ of chlorates, but was compelled to abandon 
the •scheme on atcoifiit of the great sensitiveness of his 
mixtures. This danger was rcmediied by Street in 1897, who 
prepared safe chlorate mixtures from potassium chlorate and 
castor oil thickened with a nitrohydrocarbon. These have 
met wittf considerable success under the name of Cheddite. 

The fkrst smokeless powder after von Lenk's nitrocotton 
brt1?Ehries was introduced by Schultze in 1865. It con- 
vsistcd of pellets of wood which were nitrated and tken 
impregnated witl! barium nitrate and/or potassium nitrate. 

A great stride was made by Volkmanii five years later, who 
partly gelatinized nitrated wood by treatment with a mixture ^ 
of alcohol and ether. This must be regarded as having laftl 
the founclation of the modern smokeless ponder industry. 

A similar powder, K.C. Powder, was introduced in 1*882 
by the Explosives Cofnpany of vStowmarket. It consisted 
0^ partly g^latiiii^ed nitrocotton impregnated with a mixtuie 
of barium and potassium nitrates, and found immediate 
favour among sportsmen. 

The first smokeless military powder was Poudre B, 
introduced by Vielle in 1886, and adopted by the FrelTich^ 
Governments^ if was ma^e by forming, a dough of nitro- 
cellulose v^th alcolii)! and ether, which was then rolled out 
into sheets, cut up into strips, and dtied. 

Two'Vbars latef NoOel introduced Ballistite, made by 
gelatinizing soluble nitjroc^llulose with ilftroglygcrine, and 
in the same yey th% British G<»vernment introduced Cordite, 
made I 5 y gelatiriizing •guncotton with nitrogl^'cerine and 
acetone. These rival discoveries led to a lawsuit, th? issue 
ol which tustr^d on the deiinition of iptrocellulose. 

{Jprengel fn 1^71 drew attention t(^ the fact fha^ jucric ' 
acid could be* detonated, but no use was jinade of this 
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discovery until 'Furpiii proposed its use in 1886 as S bursting 
charge for shells. For this purpose it found wi^e application 
under the names of Melinite, Lyddite, etc., bu^jChas now been 
lafgely replaced by the cheaper and safer trinitrotoluol. 

Tetranitroaniline and tetramtronieJ;hyl aniline ^erc dis- 
covered by Fliirsheim in igio, but at present their cost 
of manufacture precludes their use except in detonators, 
in which they are likely to find extensive employment. .1 ' 

Tlie general introduotion of explosives 'for blasting 
purposes led to a considerable increase in coal-mine accidents, 
due to the shot firing the mine gases or causing a dust 
explosion. Macnab in 1873 first suggested remedying this 
by placing a cylinder of water in front of the charge^ and this 
was shortly followed by suggestions involving the emploj- 
nieut of jellies containing 90 per cent, of water, wet moss 
or salts rich iip^vater of crystallization in the sai^ic way. 
None of those were altogether successful, but the setting 
up of experimental galleries in 1885 by the Prussian and 
other governments soon led to the discover)* that as a rule 
ammonium nitrate explosives arc the safest to use in fiery 
mines. The conditions which must be fulfilled by an ex- 
plosive for use in fiery mines are now stringent„,and‘ln order 
to fulfil them it is necessary to add a considerable amount 
of an inactive salt to the explosive. It ,was not until 1913 
that a gelatinous explosive was discovered which would 
pass the Rotherham test, in whicli year Messrs. Curtis and 
^Jlalvcy, Ltd., patented Super- Rippite. 

Explosives Ac^-, i875,--The Explosives Act, 1875, is 
entitled An Act to amend the law with respect to manu- 
facturing, keeping, selling, carrying aud importing gun- 
powder, nitroglycerine and other explosive substances." 
The third section bf the Act definestgii explosive as “ . . . 
gunpowder, nitroglycerine, toasting powders, fubninate of 
mercury or bf other metals, coloured^ fires, and eve?y other 
substance, whether similar to those above mentioned or not, 
used or manufactured jyith a view to produqe a practical 
effect by explosion or a pyrotechnic effect ; rnd includes fog- 
signals, fireworks, fuzes, rockets, percussion caps, detonators. 
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cartridge^ ammunition of all descriptions, ^iid every adop- 
tion or preparation of an explosive as so defined.’' Section 
104 of the Act^r^ives power to include any specially dangerous 
substance eve^ if not manufactured or used ‘‘ to produ4:e 
a practical effect by explosipn.” Acetylene, for example, 
under certain conditions is included under the Act. The 
Explosives i),ct.proliibits the manufacture of any exjilosive 
on any premises not duly licensed, fixes the minimum dis- 
t^ince of suchk premises from privaj;e dwellings, public roads, 
etc., and establishes pr6cedure for granting such licences. 
It provides safeguards for workers, insists that each separate 
building "in a factory shall be separately licensed and the 
amount pf exidosive and the number of workers in it at any 
tkfic limited. It prohibits certain dangerous processes and 
mixtures, such as mixtures of chlorates and sulphur, |iiid 
endows the insiK'ctors under the Act wi^h wide powers. 
The Act must be regarded as a very fair ‘one, and is ad- 
ministered with extremely little friction in view of the 
stringency of its provisos. • 

Buifdings and Safety. — Owing to the dangerous nature 
of the* material handled, manufacturing ^operations, are 
carried •at in a set iesf of small separate huts, the number of 
jvorkers ii^ an^ hut rarely exceeding five, although in some 
of the less dangerous ])rocesses this number may be exceeded. 
The danger buildings in an explosives factory can be roughly 
divided into two^zlasses, -viz. magazines used for storing 
explosives, and {b) buildings used for manufacturing purposes. 
The former of fticse shoi^ be of strong construction, so aS 
to preveiPt ^hc entrance of any unauthorized person. They 
arh usually built of stonC or brick, with double doors, the 
outer -door genej^ly^' being sheathed in iron. Working 
buildings, on the otlier*hand, should Joe of as light and 
flimsy^ character's possible^ so that in case of an explosion 
heavy* debris is nqj:^ thrown about. Thej^ are usually 
constructed ot light matchboard, the roof being of tlie same 
iinaterial* J&nd covered with some non-inflammable sheet. 
A^ fight, ferroconcrete constructid!i has been f)roposed 

fnr tflori.yor Kllimirirro 00 if T100 ni-rTrn^ A-iof nrt 
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explosion would reduce it to powder, bift the suggestion has 
not been adopted. 

All danger buildings must be surround^* b}^ an earth 
njound reaching to the roof, so as to defleef the explosive 
wave upwards in case of explosion. The en trainee 
through the mound should be directly opposite the door of 
the building when possible. The floors of danj^er buildings 
are usually covered with oilcloth, or in some cases with 
sheet lead. They must be washed thoroughly every day, 
and when dusty material such as' dry guncotton is being 
dealt with must be kept wet while work is being carried on. 
All windows must be made of frosted glass so as te exclude 
direct sunlight, and all doors must open outwards. Inirtlier, 
the doors must be ])rovided with a brass lock and key, 'for 
* securing them when work is not being carried on, but when 
occupied by workers must be closed only by a s])rinp; catch, 
so that they can be opened by a ])ush in case of emergenc)-. 
The bra.ss work must either be ke])t bright or ])ainted over. 

' Aftilicial light when required is provided b>- incandescent 
electric lamps. These arc enclosed in a glass bell and then 
set in recesses in the walls, and separated from the inside of 
the building by a thick plate of glass. 'All switches, etc., 
must be external to the building. All workers ijiust wea^ 
special clothes made of wool and without ])Ockels, and must 
carry with them no metallic articles, such as metal buttons, 
jewellery, etc., nor any smbking matei^jals or matches. 
Dangler buildings are all " clean buildings, and must not 
be entered unless the person entering doiife special shoes. 
Workers usually wear slippers without nails, ^elt slippers 
or rubber boots. These are kept in a cuj'board in the porch 
of the building, and are donned just before stepping over 
the barrier, so tliaiiAhey never come into contact with the 
ground outside the clean buil(Jing. ^Tie^ barrier is Usually 
a strip of wopd about eight inches hi^di, set at the door of 
the building to denote the point at vhich Ijie clean area 
commences. Magazines and some other buildings can be, 
^entered by v/cariiig Icathk overshoes kc])t s]|ecially for the 
purpose, i)\xt this is not permitted in all buildings. As some 



INTRODUCTION ^ g 

explosive? are easily electrified, it is advisable that workers' 
shoes should be provided with a few copper studs in the 
sole, so as t(j “ earth " the wearer. This is particularly 
the case when, reeling cordite and when handling dry gun- 
cotton. ^Of course all buildings nidst be adequately pro- 
tected against lightning, and when ‘possible work must be 
stopped during •thunderstorms. 

Tlie manufacture ‘of explosives as carried out in tliis 
ct)untry mustJbe regarded as one of j:he safest of the dangerous 
traces, the average number of fatalities per annum for the 
decade 1904-1914 being 77. The following is a summary of 
the number of accidents, deaths, and injuries which occurred 
in manufacturing operations in the explosives trade during 
tli^ years 1911-1914 inclusive ■ 


No. of 


Year. 

» 

Accidents. 

Kale'll. 

Injured. 

1911 . 


.. 69 

13 

. 40 

1912 . 


. . 104 

I 

33 

1913 • 


.. 86 

13 

50 

K|r4 . 


.. 92 

21 

t 

41 


In rektion to tli^ number of accidents, it must be borne m 
mind that ^ any ^accident due to explosion, no matter how 
trivial, must be reported. During the war the number of 
accidents and the number of killed and injured greatly 
exceeded these figures, bat tlKs must be ascribed to the 
cnormous^^ increased production, accon^anied by intensive 
working and diliftion of la^xiur. 

Imports and CjDnsumption.— The consumption of ex- 
plosives in Great Britain i? chiefly supplied by the various 
explosive factories d!i the country, but some explosive is 
imported. The followii^ figures denote Mie chief blasting 
explosivfs imported in 1912 ^nd 1913, but a large pro- 
portion -was* only imj^rted in transit and was not con- 
sumed • 


, iQii. 1913- 

SBlastiii^ .. .. 17,512 lbs. 240,393 lbs. 

Dynamile • .. .. .. 110,370 „ 218,741 ,*• • 

Gelignite • 280,488 „ t>t^C,y95 .. 
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No data is* available as regards the consufhption of 
sporting powder, but the consumption of blasting explosives 
is reported under the Mines and Quarries Act,i5nd the figures 
for Kjio and 1911 give a good idea of the* extent of the 
industry — * • ^ < 


1010. 


1911. 


Gunpowder 

Permitted Explosives . 
Gelif^nite 

Gelatine Dynamite 
Blastin^^ Gelatine 
(du'ddite 
Other Explosives 

Total 


• i7,t><>/j,4St lbs. 

, 8,007,882 ,, 4 . 

257,730 • „ 
125,384 ,, 
350,000 ,, 

• .l^, 53 ‘'>.i 2 i 


0 . 34 f’.O 33 .. ^ 
3.294,423 ,f 
f 72. 4^4 .. 
244.135 .. ' 

110,701 ,, 

53 t ',079 „ 


31,297,8.^ ,, 


In the Uiiilcd vStates the industry is much larger thafi m 
this country, the home consumption for the years 1914-1917 
being— t '' 

* 1014. 1915 Kllfi. IQI7, 

Black Blasting Powder 206,090,700 107,722,300 213,575,025 277,118,525 
High Explosives 218,453,971 235,828,587 255,154,787 262,316,080 

Permissible Explosives 25,()07.8i8 27,349,909 ^4,685, 241) 43,040,722 

^ Total ” .. 450,251,480 460,900,796 5‘>5.4E5,052 5^2,475,327 

' c 

all amounts being in pounds. Large as these figures arc, 
they do not include the very considerable ex])ort trade 
carried on, the figures for which during the corresponding 
years were— v 


Year. 

Dynamite, etc 

CuiipowGoi. 

CnrlrKlKt's. 

Ollier 

explosives. 

Wo IK hi 
(lbs) 

1 Value (US. 

1 Dollais.) 1 

WoiKht 

1 . (lbs.) 

Value (U S. 

' Dollars.) 

Value (U.s! 
Dollars ) 

Value (U.S. 
DollatJ.) 

1914 

1915 

1916 

1917 

11,296,115 

11,446,368 

18,601,285 

1 7.930.665 

1,213,600 

kso^.ay.i 
14.173.1751 
3.653.374 1 

896,569 

84,35^.379 

303,648,981 
| 446 , 540.999 

291,45.^ 

66,9^2,807 

'262,116,893 

j33i.i63,22<^ 

(>,567,122 

25.408,079 

55.103,904 

42,122,656 

1,965,412 

95.129,957 

3 V 4 .I 36,334 

j 255 . 944 . 3 i 5 


Classification.— The following is the Brk'ish Official 
classjficatidn of explosives extracted verbatim from’ the 
“ List of Authorized Explosives/’ 1918 
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Class I. — Gunpowder 

The term i^gunpowder means exclusively gunpowder 
• ordinarily so called . * 

Class II. — Nitrate Mixture 

^he term'' " ni|!tatQ mixture " means any preparation, 
other*than gunpowder ordinarily so called, formed by the 
mechanical mixture of a* nitrate with any form of carbon 
or with any carbonaceous substance not possessed of ex- 
plosive lyroperties, whether sulphur be or be not added to 
such preparation, and whether such preparation be or be not 
mei'hanically mixed with any other non-explosive substance. 

Every blasting cxi)losive of this class, in which nitrate of 
ammonium, nitrate of sodium or chloride of sodium are used 
\ as ingredients, shall be contained in cartridge wrappers or cases 
(or in 5 lb. inner packages) made thoroughly wateiproof 
with melted parallin or other suitable waterj>rooling matcric^J. 

• 

Class 1 1 1 .-Nitro-Compound * ^ 

The terni^ “ nitft)-cOmpound " means any chemical com- 
pound po^esse^ of explosive properties, or capable of conj- 
bining with metals to form an explosive compound, which 
is produced by the chemical action of nitric acid (whether 
mixed or not wi^ sulplfuric*acid) or of a nitrate mixed 
with sulphuric acid upon any carbonaceous substance, 
whether such c*bmpound,'is mechanically mixed with other* 
substaiic(^ or not. , 

^he nitro-compound clSss has two divisions. 

Evcfy* explosi\»^ o> this class and every explosive in- 
gredient thereof shall J^e «o thoroughly jfurified and other- 
wise o^such a chgjacter as tp satisfy a test known as the 
Heat Test, * and' speeji^^ed in a Memorandum «igned by a 
Government Iiispector and dated the 2nd of February, •1914.* 
• , Ever}^ JMastiiig explosive in this class, in which nitrate 
of ammoniuTn, jiitrate of sodium or chloride of ^;o^hijn arc 


* See Section IX 
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used ingredients, shall be contained in cartridge wrappers 
or cases (or in 5 lb. inner packages) made thoroughly water- 
proof with melted paraffin or other suitable waterproofing 
Material. 

Division i comprises any chfemical qompound or mechanic- 
ally mixed preparation which consists either wholly or partly 
of nitroglycerine or of some other liquid nitrd-oompound. 

Provided that every explosive in this Division shall be 
of such a character and consistency as not t6 be liable to 
liquefaction or exudation. 

Provided also that an explosive that is required by 
definition to be issued in waterproof inner packages may 
be exempted from such requirement by Special Authority, 
when and so long as the conditions of such Authority ale 
observed. 

Division 2 comprises any nitro-compound as before 
defined, which is not comprised in the first division. 

Class IV. — Chlorate Mixture 

The term “ chlorate mixture " means any explosive 
containing a chlorate. 

The chlorate mixture class has two divisions. 

t>ery explosive of this class, and evdry explosive in- 
gredient thereof, shall be so thoroughly purified and other- 
wise of such a character as to satisfy a lest known as the 
Heat Test, and specified in n Memorandum sighed by a 
Government Inspector and dated the 2nd February, 1914.* 

Every blasting explosive in this class in wnich nitrate 
of ammonium, nitrate of sodium or chloride of sodium z^re 
used shall be contained in cartridge wrappers or cases (or 
in 5 lb. inner paejsages) made thoroughly waterproof with 
melted paraffin or other suitable waterproofing niateital. 

Division j comprises any chlorate preparation which 
consist® partly of nitroglycerine or of some other liquid 
nitro-compound. t 

Provided that every explosive in this Division shall be 
♦ Sec Section IX. 

t No explosive of this division is at present authorized. 
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of such a ‘character and consistency as not "to be liable to 
liquefaction cr exudation. 

Division 2 <i^comprises any chlorate mixture as before 
defined, which is not comprised in the first division. • 

*' • t • 

Class V. — FulhtiMe 

The term ‘'fulminate” means any chemical compound 
or. methanical mixture, whether included in the foregoing 
classes or not, 'which, from its great* susceptibility to detona- 
tion, is suitable for employment in percussion caps or any 
other appliances for developing detonation, or which, from 
its extreme sensibility to explosion, and from its great 
instability* (that is to say, readiness to undergo decomposition 
fidm very slight exciting causes), is especially dangerous. 

This class consists of two divisions. • 

Division 1 comprises such compounds ag the fulminates 
of silver and of mercury, and preparations of these sub- 
stances, such as are used in percussion caps ; and any 
preparation consisting of a mixture of a chlorate with phos- 
phorus, or certain descriptions of phosphorus compounds, 
with or without thg addition of carbonaceous matter, ^nd 
any preparation consisting of a mixture of a chlorate with 
siflphur, oi*witlf a sulphuret, with or without carbonaceous 
matter.* 

Division 2 comp rise's any sqph substance as the chloride 
and the iodide of nitrogen, fulminating gold and .silver, 

iiazobenzol, andrthe nitrate of diazobenzol, t * 

• 

, Ckxss V I .—Ammunition 

The teiyn “ amrnunition ” means an explosive of any of 
the foregoing classes whe^ enclosed in ^ny case or con- 
:rivance^ or • otherwise, ^adapted or prepared to form a 
:artridg§ or •charge *for small 'arms, cannon, or any other 
^'eapon, or for blastin^br to form any safety or othe|; fuze 
or blastings, or for shells, or to form any tube for firing 

• • ^ 

* only explosive of this division at present authorized is mercury 
ulminate. * •• • 

^ t 't'he only explosive of this division at present authorized is lead azide. 
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explosives, or to form a percussion cap, a detonator, a fog- 
signal, a shell, a torpedo, a war rocket, or other con- 
trivance other than a firework. 

• The term percussion cap does not ‘Include a deto- • 
nator.* 

The term dkondtor'” means a capsule or case which 
is of such strength and construction ^iid* cj>ntains an ex- . 
plosive of the fulminate explosive * class in such qiitAitity 
that the explosion of oik‘ capsule^ or case wih commuiiicate 
the explosion to other like capsules or cases. ' 

The term “ safety fuze ” means a fuze which burns and 
does not explode, and which does not contain its dwn means 
of ignition, and which is of such strength and cmistruction 
and contains an explosive in such quantity that the burning 
oi such fuze will not communicate laterally with other 
like fuzes. ^ 

The ammunition class has three divisions. 

Division i. — No official definition of Division i is given, 
but it includes safety electric fuzes, percussion cups and 
railway fog-s\gnals. 

* Division 2 comprises any ammunitipn as before defined 
which does not contain its own meaiis of ignition, Und is not 
included in Division I. < » 

Division 3 comprises any ammunition as before defined 
which contains its own means of ignition and is not included 
in Division i. “ ^ ^ , 

Class VI L — Firework 

t. c 

The term “ firework " comprises firework composition 
and manufactured fireworks. 

^ fl • • « 

Division i. — Firework composition, f 

Division 2.— Manufactured firwevorks, consisting of any 

* A percussion cap can only be properly classed S,s srcltif it contains 
less than '6 g/am of a composition of the ist/^^usion of the 5th (r ulminate) 
class «f which not more than 25 per cent, consists of fylminate of mercury, 
or less than -5 gram of any other explosive of the ist Division of the 5th ' 
(Fulminate) class. And it^has been further dcciddd th^t percussion, cips 
shall not beclasscd as such when they contain anvils or have their cbmposi- 
tion'an^rotected by tmfoil or other suitable substande. 

t No explosive of this division is at present authorized. 
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explosive of the foregoing classes, and an/ firework, com- 
position, whe^ such explosive or composition is enclosed in 
any case or ftdntrivance, or is otherwise manufactured so 
as to form a sq^ib, cracker, serpent, rqcket (other than a war 
rockfct), <naroon, lance, wh^l, and Chinese fire, Roman 
candle, or other article specially adapted for the production 
of pyrotechnic* efiects or pyrotechinc signals, or sound 
signals. Provided that a substantially constructed and 
hermetically ‘closed mct|il case containing not more than 
I lb. of coloured fire composition of such a nature as not to 
be liable to spontaneous ignition shall be deemed to be 
a manufactured firework. Provided also that the term 
“ manufactured firework " shall not be deemed to include 
afiy explosive hereinafter mentioned, by whatever name 
known, or any colourable imitation of enmp 
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SECTioJf I.— ftUNPpWDER 

Gunpowdkr reinalnc(l the only known explosive until the 
middle of the nineteenth century, and at the present time 
is still the most used exi'losive except for military purposes. 
For military purposes its use is now limited to bursting 
charges for shrapnel shell, to time fuzes, and to priming 
composition for use with cordite, but it is still largely used 
as .a spofting powder, chiefly on account of its cheapness. 
l1ie same consideration, and the fact that it does not require 
a detonator, has led to its retention for blasting purposes, 
about ^5 per cent, of the explosive used* for blasting in 
Great Britain in 1911 being gunpowder. 

Compared with modern high explosives Gunpowder ;s 
greatly lacking in power, the Trauzl block test giving figures 
of about 108 as compared with 520 for l)}^iamite No. i 
and 650 for Blasting Gejatine. Gunpowder has the advantage, 
however, of ‘being less brisant than most explosives, a great 
ativantag? when* dealing with soft material which it Is 
desired to obtain ii! big lumps. 

Gunpowder invariably consists in this country of a 
mixture oi potassium nitrate, sulphur, and charcoal, although 
in America and tn Germany large quantities are consumed in* 
which the^c%iapcr sodium nitrate has b^n substituted for 
thei potassium salt. These sodiu;^i nitrate powders are 
cheapen .ajtid somewhat more powerful than those made 
with potassium nitrate, but their deliqtjescent properties 
are a ^reat* drawback.* They have been used in Great 
Britain. siii»e the *ouJbrcak of war cut off Jthe potash 
supplies from Germany! , 

, In manufacturing gunpowder some care is required in 
the selection* of materi^. The nftre should he almost 
:hemically pur^,*be quite neutral to litmus, and quite* free 
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from ^lilorate And perchlorate, especially the fOTmer. It 
should not contain more than the merest trace of chloride, 
under -oi per cent, calculated as NaCl, as otherwise it will 
become deliquescent. « 

The sulphur must contain* no nor r volatile maf ter, rand 
must be free from suljUiuric acid. As commercial flowers 
of sulphur almost invariably contains some acid, it is usual 
to use roll siflphur and grind this down. The quality cf the 
powder depends a great deal on the quality oflhe charcoal, 
so that it is customary for ])owdcr mills to prepare their own. 
The wood most era})loyed in this country is alder wood and 
dog wood, but hazel, willow, yew, hemp, and poplar are all 
used. The German cocoa powder, one of the best gunpowder 
propellants for cannon ever made, was prepared from 
rye straw charcoal. It has. however, been completely 
superseded by the modern smokeless powders. 

Timber intended for gunpowder charcoal should be 
cut in the spring, and then kept for from three months to 
three years in order to allow the sap to evaporate. The 
bark is then removed and the wood cut up and carbonized 
in ifon c}dinders. 

Various forms of retorts have been propos^^d, but the 
most generally used is in the form of a cylinder 4 f^ 6 in. long 
by 2 ft. 4 in. diameter. These are charged with the wood 
and then closed, except for a vent to allow the escaj^e of the 
products of distillation. The retort is tiieii slid into the 
efurhace and carbonization carried out for ^ to 5 hours at 
a temperature between 400® C. and 500° C., The crude 
pyroligneous acid that distils off can be collected and worked 
up for acetic acid, acetone, etc., but the amounts arc so 
small that the distillate is usually led direct to thd ‘furnace 
and burnt. When carbonization i. complete the retort is 
removed from the furnace, completely Josed and set aside 
to cool. Air must not be admitted until the charge has 
cooled, and even then only slowly, as freshly made charcoal 
absorbs air with avidif^g and may inflame. ,It is for this 
reason that movable retorts are usually preferred to fixed 
ones, although both types arc used. 
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The Composition of gunpowder varies a good deal with 
the different grades manufactured. F rench military powders 
remained of the same composition from 1598 until the 
adoption of l;he modern smokeless powders. They wftre 
made according to 4he fanwus recipe “ As, as, six,” viz. 
I part of sulphur, i part of ch^ccfel, ahd 6 parts of nitre. 
This corresponds to nitre 75 per cent., and sulphur and 
charcoal i2‘5 percent, each. The following table gives the 
coijiposition’of a few modern powders made by different 
countries, but it must be borne in mind that various grades 
of powder are in use : — 



Spoitiug powder. 

Blasting powder. 


Country, 

KNO3 

S 

c 

KNOj 

S 

C 

Great Jintfuu 

•. 75 

10 

i5 

d5-75 

10-20 

15 

• 1 Ordinaire . . 



— 

O2 

20 

18 

France] l.ente 

.. 78 

10 

12 

40 



I Forte 

, . — 

- — 

— 

72 

13 

•15 

German y 

.. 7H 

10 

12 

(^-70 

14-20 

16 

Aubtrid 

.. 70 

9*1 

14 6 

bo- 2 

18-4 

2r4 


In the manufacture of gunpowder the ingredients are 
first ground separately in any suitable form of mill. Char- 
coal shduld not be ground for at least a ^fortnight after 
burning, as otherwise it may inflame through the absorption 
of oxyg«i. Sulphur fn grinding requires care, as it is easily 
electrified^ and Consequently sulphur mills should be care- 
fully earthed. Precautions should also be taken against 
a dust explosion, and the same applies to charcoal. 

The actual manufacture *oi gunpowder in a modern 
factory involves seven operations, or eight in the case of 
moulded powders. Thci* object in the rather elaborate 
proceduio is to obtain a uniform powder, which will not 
separate and the grains of which will not crumble. 

Fif^*Mixing.C-TLis is carried out either in a copper 
ball mill \^ith lignum ^vltae balls, or in a revolving drum 
througSi whichjpas^s a shaft carrying eight arms or “ flyers.” 
The drhm and shaft je^olve in opposite directioas, the former 
making 60 involutions per minute and the latter 120. 
•A. uniforhT* mixture is oj^tained in a few minutes, and the 
“ green ” clfarg^ then emptied out, sifted, and 'removed to 
_ the incorporating house. 
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Injorporatifig or Milling.— This was formerfy carried 
out in stamp mills, and these are still in use in some of the 
smaller continental works, but are being ra^jiidly replaced 

by edge runners. These 
cons^ist of stone, runners 
acting on a stone bed, or 
of iromrmiiittrs on an iron 
or hard wood bed. S<t'6ne 
must not ruh on iroiv or 
vice versa, on Account of 
the danger of sparks. The 
runners weigh 4 to 5 tons 
each, and arc sat at dif- 
ferent distances from the 
driving shaft, so that they 
do not Km on tl^e same 
path, tvach is provided 
with a scraper to ])revent its picking up cake, and with a 
phosi)hor bronze or hard wood plough to push the charge 
into its path. ^ In the best type of incorporating 'mill the 
runlicrs do not rest on the 
bed, but are suspended a 
slvort distance above it, 
and each is capable of 
an indei)endent vertical 
movement, so as to allow 
it to' pass over any extra 
hard luin]')s w'ithopt un- 
due friction (Figs, i and 
2). In Germany this 
arrangement is compul- 
sory if iron runners and 
an iron bed are used. A 
charge for incorporation 
is 50-80 lbs. and requires 
from 3-8 hours, depending on tl^e nature' of tne powder.* 
Moisturp, in the form of condensed steam from the drying 
stoves, is add^d from time to time so as to maintain a 




Fig. I. — Gunpowder Ineorporiiting 
MdcKiiic 
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vKater content of 3-6 per cent. After incorporation is 
complete, the charge is removed and roughly broken up 
by hand, and is then ready for pressing. Any hard in- 
crustation that remains in the incorporating mill must 
be’thonDughly soaked in watef, jyid then removed with 
a wooden toc^. Incorporation is a somewhat dangerous 
])rocess, ana in .this country special safety arrangements 
must be provided. These consist of a water tank over each 
niJB:hine connected with a large board directly above the 
incorporator, so that any movement of the board caused 
by an explosion wave tips the whole contents of the tank 
on to the charge and drowns it. All the tanks in each 
] louse are interconnected, so that the movement of any 
board actuates tliem all. Usually six machines are placed* 
in each house, each machine being separated by a strong 
partitimi of masonry. vShould the charge in any one mill 
explode, the force of the explosion wave acting on the boasd 
above it tips all the tanks in the building, and so prevents * 
the explosion spreading. « 

Pressing.— This is carried out in hydraulic presses 
cai)ablc^f dealing wjth about 1000 lbs. at a time. The 
presses are charged as follows. A copper or ebonite pl^te 
laid ii* a horkontal position and surrounded by a light 
wooden frame abdut i in. deeper than the thickness of the 
plate. The tray ^thus fo^med» is filled with the powder to 
be pressed, and this carefully smoothed off level with thf top 
of the wooden ^rame. Aijother plate is then placed on the* 
top of tin’s, find this surrounded by anofher wooden frame, 
and the tray thus form«d filled, with powder. This is 
repeated jinitil the^Tul) number of plates have been used, 
usually 20-30. The size of the plates jaries in different 
factorioK, btft they are usually about 2 ft. 4 in. by i ft. 8 in. 
The wc^odciv friTmes ar^ then removed and the joile slid into 
an hydraulic press vJ'ith upward moving ram (Fig. 3)t The 
j^ressure ftpjilied, is about 400 lbs. per square inch, but it is 
be!;t •measured by watchilig the movement of the rani and 1 
not by gauges., Tt must be applied slowly, the time occupied 
dieing about 2 hour's. When pressing is complete ^e plates 
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are pfcked off one by one, and the outer edge of each cake 

to a depth of about i| 
[7 ] I " ' I in. cut offhand kept sepa- 

rate from the main bulk. 
Ttis is done as* the {:ieri- 
phery hgs not sustained 
the lull pressure. ^The 
cuttings ^re given -a 
short milling^ and then 
repressed, whereas the 
main bulk parses on to 
the granulating machine. 

Pressing is a some- 
what dangerous process, 
and an explosion is 
usually very dil>astrous 
on account of the large 
quantity of powder be- 
ing dealt with. In order 
to protect the workers 
ah controls should be in 
a special '^room sepa- 
rated from the press by 
a strong wall, arrange- 
ment^, being made for 
the workman to Observe 
the movement of the 
ram without, entering 
the press room. • 
fei this country plates 
of ebonite are preferred 
to those of copper, as 
tliey ar6 not ‘ so easily 
deformed and transmit 
the pressure pere evenly . 
On the other*' hand' they 
are easily electrified, 
and puttmann records 



t Fig. 3. — dunpowder Press. 
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oue fatal explosion in which the workman Observed spark 
4 in. long pass from his hand to the press. Needless to 
say, presses should'be carefully earthed. 

Granulating or Corning.— In ^this process the pre^ss 



\ \ \ 

y \ 

\ \ 


\ ^ 



Fig. a — Arrane^cment ot Granulating Mrfthme 
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cakes are broken up into grains of the desired size^by passing 
them through a series of three or more pairs of toothed gun- 
metal rollers revolving towards one anG!;her. Between 
^ach pair of rollers are vibrating screens of gun-metal wire 
which separate the powder into three sizes, viz., ovc^'sizc, 
which passes on to the' ncit set of rollers ; right size, which 
is collected for the next stage ; and undersize, which is 
collected and remilled and ])ressed. The coiistructijii of 
a granulating machine is shown diagrammatic'ally in Fig. 4. 
The rollers should be mounted with spring bearings, so that 
if they encounter an extra hard piece of cake they can open 
and let it pass (Fig. 5). Powders made from dogwood 



charcoal usually produce a great deal of dust, and are 
generally given an extra scil^cuing (“ dieting ”) to remove 
this*- 

Glazing.— This is carried oet in revolving wooden 
drums, and has the effect of rounding off the giains and 
improving their appearance. A little graphite is sometimes 
added when slow-burning powders a.e bting made* ' ' 

Stoving or Drying.— This is (parried out by sjjreading 
the powder in thin la}’ers on trays, consisting of a wooden 
frame with^ a canvas bottom. Dt'vipg is carried out at 
40° C. by blowing air heated by means of hot water pipes 
into the building. " , ' 

Pie, nding.— This consists in mixing sevcral'batches so as 
to obtain a uniform product. 
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Moulding.— Before smokeless powders vi^re introc^uced 
suitable slow-burning powders for use with rifled ordnance 
were prepared by compressing the blended gunpowder 
into cubes, pyramids, or prisms with from one to eigh£ 
perfc’='atioiis. The Gorman cDcoa powder was especially 
suited for making moulded powdeb, ds it flowed well in the 
die. The periofatirns had the object of obtaining a more 
const Lmt rate of combustion. These moulded powders are 
no longer mahufactured, but moulded cartridges are used 
for blasting puqDOses. ThevSe are simply prepared by 
measuring a definite amount of powder into a die and then 
compressifig it by means of two pistons, one working up- 
wards and one downwards, actuated by mechanical or 
hjdlraulic means. The lower piston carries a plunger which 
enters a prc])ared hole in the ujtper piston, and so leaved a 
perforation in the cartridge in which the fuzc\:an be inserted. 

Sodium Nitrate Powders.— Powders in which the 
potassium nitrate has been replaced by the cheaper sodium 
salt are used in gigantic quantities in America. They are 
somewhat'more powerful than ordinary gunpo\^er, but their 
chief attraction lic^ in their cheapness. They suffer frdni 
the great tftsklvantagc,'' however, of being very hygroscopic. 
They are i^.ade in^much the same way as ordinary powdery 
and have an average composition — 

»S odium nitrate , . . ♦ • 74 

. Sulpliur 10 

Cafbon 16 

Although <>he annual consumption of llfis type of powder 
in tjie United vStates amounts to nearly a hundred million 
pounds. (5(^000 short tons), it was not used in Great Britain 
until the outbreak of war in 1914 cut off the supply of potash 
and coripellcd the Govc^rnment to alter the definition of 
gunpowder, so as fo include powders made with sodium 
nitrate. A very simtiai powder is much used in Gerpiany 
under the;name “ Sprengsalpeter” It is composed of — 

i^odium nitrate . . • • • 75 

Brdwn coal (lignite) . . • • 1 5 

Sulphur I CP 
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,Tt is rega’^:ded as safer than ordinary powder, and in 
Germany can be sent in unrestricted amount; by goods train. 

“ Bohhinitc ” is a form of gmipowder, aifd'is the favourite 
'coal-getter in this country. It does not pass the Rotherham 
test, but its use under certain restrictions was specially 
permitted for a term bt five years from J anuary ist, 1014, and 
by a further Order in Council date^l hfepteirpber i8tli, 1918,' 
this period has been extended until December 31st;?' 1920. 
It is defined in the Explosives in Coal Mines Order of Sep- 
tember 1st, 1913, as having the composition — 


Ingredients. ist definition. 2nd definition. 


Potassium Nitrate 

1 Maximum. > 
. ' (>5 

i‘) 5 

Mmimiini. 
02 1 

1 Maximum. | 

r 00 1 

Mmimym. 

Charcoal 


’ 20 ! 

i8'5 

Sulphur . . 

25 

1-5 

2 .5 1 

I .5 

Ammonium Sulphate 
Copper Sulphate . . 

. ' 1 

n 

- ' 

‘ - 

Rice or Maize‘Starch 

— 

— 

0 

7 

Paraffin Wax 

— 


j 5 : 

2’5 

.Moisture .. 

1 2-5 1 

1 



It is manufactured in moulded pelUts, each j^)ellet being 
coated with parafifm wax and wrapped in *6rown paper. 
‘Bobbinite made according to the first defihitioii^ must hdve 
a density not exceeding 1-42, and accoiding to the second 
definition not exceeding i;48. .There is no charge limit, 
and it must not be fired with a detonator. * • 

^stability, etc.— Gunpowder is to be regarded as a very 
safe explosive. It ignites when heated at 270°-3po° C., and 
is fired when struck by a two-kilogram weight falliog a 
distance of 70-100 cm., the powder be;ing confmp4 .between 
hardened steel surfaces. It is completely ruined by water, 
and powder that has been damp*' does not regaii its full 
strength on drying. This is due tc^thS mOistoe dissolving 
part^of the nitrate which crystalKzei^i out on drying, and 
spoils the intimate mixing of the ingred:^ents cq necessa^ 
in order to obtain a good explosi*/e. On explosion, it gives 
abotit"44 per cent, of gaseous and 56 p’fer cent, of solid 
products. The gaseous products of exj^Iosion are chiefly 
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nitrogen, carbon dioxide and carbon monoxide, ^:ogetlier ^ith 
small quantities of hydrogen, methane, and sulphuretted 
hydrogen. The^ solid products are chiefly composed of 
carbonate and sulphate of potassium, J:ogether with some 
unburht siflphur and fraces of sulphide, thioc5^anate, and 
nitrate of jjotassiuni. * * 

One gram of powder ij^uclds from 250 to 300 cc. of perma- 
nent gas measured at K.T.P., and evolves from 500 to 700 
calories. The temperature of explosion is probably about 
2700° C. 


LITERATURE 

fhe bejt account of the history of gunpowder is given by Col. Hime in 
“ Gunpowder and Ammunition.” London, 1904. ^ 

A full description of the manufacture of charcoal and sulphur will be 
found in R , Escalcs, ” Jschwartzpulvcr u. Sprengsalpctei^” Leipzig, 1914; 
\nd m 0 . Guttmann, ” Manufacture of Explosive.s,” London, 1895. 
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Numerous accidents have happened during the manufacture of giin- 
)Owder, but the following Special Reports arc selected as b(?lng particulaijy 
nstructive : ^R,, 100, i(^, 177, 179, 181, 189, 190, 202. 




Section J T. — EXPLOSJ VE ' TOMPOUNDS 

Thk number of explosive compounds suitable for industrial 
use is very limited, owing to the difficulty in combining 
suitable physical properties with sufficient stability and 
cheapness of manufacture. Up to the present, with the 
exception of fulminate of mercury and azide of lead, both 
of which are largely used for detonators and percussion caps, 
the only explosive compounds that have been found to 
fulfil industrial requirements are esters of nitric acid and 
aromatic kitro-compounds. Of the former the esters of 
the lower alcohols are too volatile for use, while those of 
" the higher alcohols are too expensive and are deficient in 
oxygen. Of the polyhydric alcohols glycerine trinitrate 
is far the most used, as glycerin^ cfn be obtained at a 
moderate price and its trinitrate is easily prepared and is 
"insoluble in water, so that it can be ne'adily Vashed free 
from acid. For special purposes the* tetranitrate of di- 
glycerine and the dinitrat^ of .raonochlorhydrin are used. 
In France the use of glycol dinitrate has been proposed, 
as \i has been stated that glycol can be obtained from acety- 
lene at a price which enables if to compete*with glycerine. 
Tartaric acid forms a dinitrpte, but unfortunately Jit is 
too unstable for use as' an explosive. , 

The other polyhydric alcohols are too expensive to 
allow of their nitrates finding indutitrial applicatioi^ although 
the use of mannitol hexanitrate ha^be(!n propcoed.^ If these 
poljffiydric* alcohols could be obtahieft at a reasonable price 
their nitrates would form valuable explpsivess ras the per- 
centage of available «)xygen increases with he nun^b^r of 
carbon atoms carrying a hydroxyl grotip. Thus, glycol 
dinitrate contains no available oxygen— 
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CHjONO. 

I C 0 .+N,+ 2 H «0 

CH2ONO2 

whereas glycerirPe trinitrate contains 3-5 per cent, and 
mannitol he^anitrate contains 7*4 per cent. — 

2CH20N02.CH0N02.CH20N02=^C0*+5H20+3N2+0 

.€H 20 N 02 .(CHON‘ 02 ) 4 -C^ 20 N 02 = 6 C 02 + 4 ll 20 + 3 N 2-|-02 

• • 

The sugars form nitric esters, and attempts have been 
made •to use glucose nitrate and sucrose nitrate. Un- 
fortunately, the nitric esters of the sugars are soluble in 
.water and are hygroscopic and very sensitive. Polyhydric 
cyclohexanols such as inosite form nitric esters, inosite 
forniing a hexanitrate, but unfortunately inosite and its 
derivatives are merely chemical curiosities at present. ^ 

Of tne fatty hydroxyl compounds of imknown molecular 
weight ceRulose and starch are the best known, and both 
form nitric esters. Of these the cellulose nitrate's are very 
widely used (guncotton, pyroxylin, collodion cotton), and 
are usually jnade from cotton, although wood cellulose is 
used to some extent. There are mechanical difficulties 
nitrating st^yjch and •stabilizing the product which have 
prevented the use of starch nitrates up to the present time. 

( 5 f the nitro-compounds those of the ahphatic series 
would be useful if they could be obtained more readily, 
tetranitromethane, f®r example, containing nearly 24 per 
cent, of a\*ailnble oxygen— 

C(m2)i =;C 0 o+ 2 No+ 30 g 
Unfortunate^’ thej’^ are all troublesome and expensive to 
make, and those having hydrogen atoms attached to the 
same carbbfi atom as the ifitro-group have the objectionable 
property of forpaing unstable ^alts with metalS— 

« V • , 

CHaNOa. /C-Nf 

W ^OM 

^•lajge number bf aliphatic nitro-<a3mpounds also have 
objectionable toxic properties, especially tetranitromethaener 

,Of the aromatic hydrocarbons benzene forms a dinitro- 
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copipound easily, and a trinitro-compound wifti such great 
difficulty that it is little more than a chemical curiosity. 
Toluol, on the other hand, forms a trinit^compound with 
ease, and the same is the case with xylol. Toluol is also 
fairly easily nitrated in the side chain (E.P. 6076^^), and 
readily yields nitrophenyl nitromethane. The tetranitro- 
coinpound, trinitrophenyl nitromethane, does not, however 
seem to have been studied. Of tie other aromatie hydro- 
carbons naphthalene gives a tetranitro-coiiipound, bpt only 
with some difficulty, so that the mono-, di- and tri-nitro- 
compounds only are used. 

The entrance of nitro-groups into the nucleus is facilitated 
by the presence of amino and hydroxyl groups. Thus, 
aniline gives a tetranitro-compound with some difficulty, 
^and methyl aniline gives a tetranitro-compound (trinitro- 
phenylmethy) nitramine), which although somewhat ex- 
pensive for ordinary purposes, are used for detonators. 
Diphenylamine gives a hexanitro-compound which has found 
some application, but unfortunately the nitro-groups confer 
strongly acidic properties on the imino hydrogen atom. 

Phenol forms a trinitro-compoun^ (picric acid), and so 
does cresol. Both have been used, but bot^tne, unfortu- 
* nately, strongly acidic. 

No attempts seem to have been made to utilize com- 
pounds such as nitrobenzyl nitrate, although these should 
be readily obtained by nitrating benzyl alcohoL Nitric 
esters are always less stable than nitro-epmpounds, so that 
substances coutaining both groups might be useful for 
detonators if for no other purpose. 

The aromatic diazo salts are all explosive, but as 'a rule 
are too sensitive and too deficient ih ox}'gen td be of any 
practical value. Attempts havi been made, however, to 
use ^-nitrodiazobenzene nitrate for d^tou/atens, but without 
much success. u ■ 

It should be noted that all aromatic nitro-compounds 
are very deficient oxygen. ^ Even the, urlcnown h^xa- 
n:itr&-benzene would only contain just sufficient oxygen 
for its complete combustion. Hence, although some of the 
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nitro-compolinds can be detonated alone, thVy are almost 
invariably used in conjunction with an oxidizing agent 
such as ammoijum nitrate, although for certain military 
purposes picric atid and trinitrotoluol are used unmixed tvith 
other ^bst^nces. • • 

The organic peroxides are also expl6sivcs, but arc far too 
a unstable to be ©f'aii}^ practical value, and the same applies 
to tlic’^zonides. These latter are rich in oxygen ; benzene 
ozohicle, for e^fample, has the fornitda C(jH,jOQ, and would 
be useful wefe it not for their extreme iiistabilit) . 

Of the inorganic explosive compounds, lead azide is 
' used to some extent for detonators as a substitute for 
mercury fulminate. The chlorates being formed endo- 
thermically from the chloride and oxygen are mildly cx- 
, plosive, and are used in some explosive mixtures, c.§. 
Cheddite.^ and in ^reworks. Ammonium nitrate can be 
detonated with great dithculty, and is used to evvery large 
extent. Ammonium perchlorate can also be detonated, and 
is an ingredient of some explosives. Ammonium bichromate • 
is also an •explosive, and although somewhat expensive 
and dangerous, is used in one or two French powder^: 
The capacitf^nl all these* ammonium salts to explode is due 
to Uac acid sadicat oxidizing the ammonium radical. . 

Nitroglycerine 

The “iiitixTglycerinV' is chemically incorrect, the 
explosive having, the formula CH2(ONO2)CH(ONO2)0fl2" , 
(ONO2), and bcjjng therefore ’glycerine trinif^ate. The term 
“ nitroglycA-ine ” is, however, invariably used commercially, 
and in practice is frequently abbreviated to N.G. 

Glycerine for nitt^tidh should be almost pure. Good 
dynaniite^glyqgrine has omlf a pale amber Colour, and its 
specific graxit^^shisuld be not less than 1260. It should be 
almost fre*e from ash a«.d ^rontain only slight traces of fatty 
I acids, aldeh^(Jes fficrolein), unsaponified fat, chlorides, sul- 
phates, ^etc. •It ghould contgin no sugaj or glucose, although 
these are sometimes present as adulterants. For the mtsa- 
tion only dearseriicated or non-arsenical acids shguld be used* 
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Nitration fS invariably carried out with a mixWe of nitric 
and sulphuric acid, and Nowadays it is customary to make 
up the mixed acids with oleum, so that the Mixture is almost 
anhydrous, but contains no free sulphuric anhydride. The 
use of oleum is not essential, » but is jv matter of convenience. 
The composition of" the mixed acid varies in different 
factories, but the following are all iii'Hise "with satisfactory 
results ^ ' r 


HN03 . , 

40 


. 4^‘5 

HovSCXi . . 

.. 5K-4 

52*5 

58'() 

HoO 

. . !•() 

I ‘4 

‘5 


About 6 parts of mixed acid are used to ever)^ pari of 
glycerine. " 

In some countries nitration is carried out in cast-iron 
jacketed vessels provided with a nJechaiiical agitator. 
These are * ])rohibited in almost all l-uiropean countries, 
lead vessels with cooling coils being used and agitation being 
' effected by compressed air. In Great Britain nitration must 
be carried on at a temperature not exceeding 22^ C., but in 
other countries the limit is 25'' C., or even 30° C. The 
temperature is observed by means of two >^xe-momcters, 
one dipping into the charge and one suspended above the 
charge and registering the temperature of the “ gas,*' i.c. the 
air which is being forced through the charge for agitating it. 

Nitrating House. — Two types of nltrator are in general 
user'but the older type introduced by Nobed (Fig. 6) is being 
rapidly displaced by the nitrator- separator of Thomson, 
Nathan, and Rintoul. In the older type of plain the charge 
of acid is run in from' the measuring tank, the air agitation 
and cooling water turned on and the glycerine then sprayed 
in, the rate at which the glycerine is added being regulated 
so as to maintain a temperature oh 22° C. During the 
nitration ‘ihe workman watches the fumes through the 
window A, any appearance of red fumes' being a sign of 
danger. During the nitration the run-off cockp-B, is temp 0- 
raiilyi connected by means of a movable leacl gutter with a 
large lead-liri.ed drowning tank outside the building, so that 
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should the charge get out of control it can be at once drowned. " 
The provision of a drowning tank is only a precautionary 
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( ( 
measure, as if a suitable quality of glycerine is used and 

ordinary care taken in nitration no trouble is experienced. 
When all the glycerine has been added the charge is cooled 
to 15° C,, and then run down a lead-lined gutter to the 
separating house. The size^ of charge nitrated- varies in 
different factories from 300 to 1500 l>s. of glycerine. The 
time taken depends largely on the temperature of the 
cooling water, and, unless a refrigerating plant is iii use, 
may vary from half an nour in winter to two hours or more 
in summer. When nitration is finished for the day the 
nitrators are carefully washed out and allowed to stand 
overnight with water pressure on the coils. This latter 
is a precautionary measure to detect any small leakage. 
The nitrators require to be dismantled about every two 
thonths for examination and repairs. 

Separating' House.— The charge i'rom the nitrating 
house is received in lead tanks (Fig. 7) and allowed to 
stand, so that the specifically lighter nitroglycerine rises to 
the surface. When separation is complete the spent acid 
is run off from the bottom cock, A, until the line of separa- 
tion is seen through the window B. "J'he nitroglycerine is 
then run into the pre-wash tanks and roughly^ashed with 
Vater or dilute soda solution. Being heavier than water, 
it forms the lower layer, and after pre-washing is run down a 
gutter to the wash house or filter house. These gutters 
must be jacketed with warm water in winter time to prevent 
t the nitroglycerine freezing. 

The waste acM from the sepafating house, is run away to 
the after-separating house, where it is allowed t6 stand for 
two or three days in order that separation may be complete. 
The oil that separates is skimmed otf''or collected by dis- 
placement, and carried back to the pre-wash tank in gutta- 
percha buckets. The waste acid is pumped to the acid 
department, where it is denitrated *.vith steam find then 
concentrated. As a rule it contains lo-ia per cent, of 
nitric acid. To prevent any further separation o{ nitfo- 
glyceiine it is advisable to dilute it with one or twd’^per cent, 
of water, and not to allow the waste acid ill the store tanks 
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• ^ 
to become too chilled in cold weather. In any case it slfould 

be deuitrated ^ soon as possible. 

Both separating and after-separating tanks must be 
■provided with thermometers and with compressed air 
agitators and cooling *coils, s 5 that ^the .contents can be 
mixed and cooled in ^f/kse of any undue rise in temperature 
» due to decomposition setting in. They must also be jiro- 
vided^with drowning tanks 


placed outside the building. 

The necessity for after- 
separation can.be avoided 
by adding* 3-5 per cent, of 
water to the waste acid. 
Tiif^ dissolves the globules 
^of nitroglycerine and pre- 
vents th%f ormation of further 
quantities from unchanged 
glycerine or glycerine sul- 
phate. 

In order that sejjaration 
may take place in aa'cajon- 
able time, Tifc mixed acid 
used for nifration^siiould be 
allowed to stand for several 
days before use in oj^der that, 
suspended flatter, such as 
flue dust, iron sulphate, lead 
sulphate, etc.,* may settle 
out. ^The addition of sodium 
fluoride ^to ^ destroy finely 


'1 





Fig. 7. — ^parator for Nitroglycerine. 


divided silica has been patented (A.P. 804,817), and it is 
claimed tjiat & great saviifg of time is effected by its use, 
only about per-cent, being required. On^the other 
hand, patents have be^n taken out for hastening separation 
by the ad(Jitiion*^f siliceous matter such as china clay 
(E.^f 14,586^. ,.Pat. Anm. 58,595 (igit)). 

Wash and Filter House.— The construction of wash 
tanks varies som'ewhat in different factories, But th§ b«st 
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type is that shown in Fig. 8, as this avoids the use of cocks. 
The oil is agitated with the water or so^3.a solution 
means of compressed air and then allowed *to settle. Ihe 
supernatant water ir then drawn off by means of the soft 
rubber hose, which is slowly lowered The oil is left in the 
tank and again agitated with water''‘or soda solution, and 
again separated as before. When "finally fieutral the oil 
is drawn off by lowering the outside soft rubber ho5e. In 



another type of wash tank the loWer layer oLoil is separated 
from the upper aqueous layer, and forced into another tank 

on the same level by adding water. 

The number of washings required' is usually nine, viz. 
three water washings and one soda washing in the pre-wash 
tanks and three soda washings and water washings in 
the wash house, but washing m=ast<be_ continued until a 
satisfactory heat test (over ten minutes) is'obtained (Section 
IX.). The strength'- of the soda solution used is usually 
about 3 per cent., and all water must be at about 22° C. 
It is a good plan to do the final washing with distilled water. 
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an ample supply of wMch is usually availA)le at no-cost 
from the cond^psed steam used in the various drying stoves. 
Otherwise softened water must be used. 

All wash waters both from the pre-^ash tanks and from 
the \Vash« house are fed to the “deposit of washings." 
They are here made to circulate 51 ov?ly through labyrinths 
of lead in suc^ a manner that they pass alternately over 
and under the partitions. This causes them to deposit any 
globules of oif that they may hold in suspension. The oil 
thus deposited is collected from time to time, and carried 
back in gutta-percha buckets to the wash house. 

After v^ashing until neutral the nitroglycerine is filtered 
through spdngcs sewn up in flannel bags, in order to remove 
flo^culent matter and suspended water. It is then stored 
in lead tanks in carefully warmed houses, but is almo'St 
invarialrly used wifhin 36 hours of being madb. 

Nitrator- Separator. — This form of nitrator was 
patented by Thomson, Nathan, and Rintoul (E.P. 15,983®^, 
3020 and is described in the Journal of the Society of 
Chemical 'Industry, 1908, page 193. The nitrator is shown 
in Figs. 9 and 10, tand the charge is worked as follows. 
The mixed^cid is introduced and nitration carried out 
as •described on page 32. After nitration, however, instead 
of running the whole charge into a separate vessel for 
separation, it is aflowed to st^id for a few minutes, and 
waste acid .from a previous charge then slowly introduced 
through the pipe and cock C. The nitroglycerine bver- , 
•flows by B itito the pre-Vash tank situaj:ed in the same 
building. The line of demarcation of the mixed acid and 
oil is watched through the window A, and the rate of 
entrance of spent aciCi governed so that this remains station- 
ary, the^ nitipglycerine cA^?rflowing to the wash tank as 
rapidly as .it peparafes. When separation is complete the 
nitrator fs left standing full of acid until requireeffor further 
nse. Any ^further nitroglycerine that has separated is then 
removed and t^e waste aoid run out i>y the cock D to the 
after-separators, if these are used, but when the nibrator- 
separator is used it is customary to add sufiioient water to 
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the spent acid to prevent any further separation of njitro- 
glycerine, and, thus avoid after-separation. This type of 
nitrator has now been adopted by all the leading works in 
this country, as it has the following adYuntages 

{i^ Ncwcocks are u<?ed, so that all danger of an explosion 
being caused by the fr^iction of turhing a cock is avoided. 

{2) The nite-oglycerine is removed as soon as separated, 
so that the duration of 
time* in which* it is in con- 
tact with acid is reduced 
to a minimum. 

(3) Repairs and renewals 
are much Jess. The older 
tyf)e of nitrator has to be 
washed out every day after 
use, aii^ the dilution of the 
acid which remains adher- 
ing to the lead sets up 
serious corrosion. It is for 
this reason that the nitrator 
has to be dismantle^ every 
two months^Wthough many 
aifthoritief stab'»^hat the 
corrosion is due to fume. 

For a matter of fact the^ 
lead of the older type of 

nitrator is exposed to fume , 

no more thaij, the lead *61 the nitratoi^-separator. The 
nitrator-separator, on the contrary, remains full c)f acid 
when not in use, so tha\; corrosion* caused by the dilution 
of residual acid is **av6ided. The first nitrator-separator 
used at^Waltham Abbe5^*ran for 2J yea^s without being 
dismantled; . ^d* wSS then fomid to be in perfectly good 
conditioh, no repairs*of any sort being required. • 

Nitrog^ferif.;e is a colourless oil which freezes at 13 '3° C., 
but ejehibito J;he phenonipnon of si^er-cooling to a con- 
siderable extent. When in the frozen state it is less easily 
detonated, and nil small quantities is less sensitive to shock, 



Fig. 10.— Nitrator-Separator. (Plan 
showing acid inlets and outlets.) 



although in biik it is probably more sensitive when frozen 
than when liquid. 

Nitroglycerine has a marked ph)'siologica'i effect, dilating 
the blood-vessels and causing violent headache and sickness. 

It is rapidly absorbed through the skin and th^ marority 
of workers suffef severely at first, Although they usually 
become immune after a few days.^ The oest remedy for - 
N.G. headache is strong black coffee or aspirin. 

Nitroglycerine is very sensitive to shock aiid is exploded 
by a kilogram weight falling 4 cm., the nitroglycerine being 
confined between hardened .steel surfaces. 

On heating, nitroglycerine decomposes sloxdy below 
100® C. and explodes at about i C. 

On the manufacturing scale too lbs. of dynamite glycerine 
yields from 230 to 235 lbs. of nitroglycerine. The cost of -- 
manufacture in 1914 was about Gd. pei lb. The /’ost of 
manufacture at two Government factories during the period 
J anuary-June, 1918, was just under lioo per ton, the 
glycerine accounting for about j/;4() and the nitric acid for 
about ;t45 (C/./., 1919, p. 139). 

Attempts have been made to use diijitroglycerine mixed 
with glycerine in order to obtain an explosive l^at does not 
freeze so readily, but not much success has been achieved, 
as the dinitric ester is soluble in water and forms cryohydrates 
(D.R.P. I7,575^^ 181,385). Much greater success has met 
the use of dinitrochlorhydrin. This is made by iptrating 
^monochlorhydrin in exactly the same way that glycerine 
is nitrated. As, however, it is almost splely used in 
conjunction with nitroglycerine, it is more usual td ’nitrate a 
mixture of glycerine and monochlorliydrin (S. 5 ., 1906, 227). 

Dinitrochlorhydrin boils with SiiglR decomposition at 
190° C., and, although readily detonated by fulmjuate, is 
so insensitive to shock that it is not exploded, by a 2 kg. 
weight falling 2 metres. It can oifiy be frozen with great 
difiictdty, and remains liquid at — 30^" C. 

Non-freezing oils have also b^en obtaine(J by nitrating 
mix.tures of glycerine and diglycerine (CH20HCHOHCH2)2o, 
this latter beipg formed by heating glycerine to 290° C. 
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with Of without a trace of alkali (S.S., 1906 , ; E . P . QSja”®) 

or at 250 ° C . in a current of inert gas ( E . P . 24 , 608 ^®). 

The use of dinitroacetyl glycerine and dinitroformin 
are mentioned in D.R.P. 209, 943. 

Finally^ dinitroglyc®! has been used in France. It is a 
more powerful exploiive than nitraglyceriue, and it is 
claimed that ib ^an be ^manufactured at a lower cost (P.S., 
16 , yi). It does not freeze above —20° C. 

Interesting* results have been ob:ained from a study of 
the solubility of nitroglycerine in sulphuric acid of various 
strengths, and in sulphuric acid containing nitric acid. 
The solubility is due to two causes, viz. the true solubility 
of nitroglyc?crine as such and the solubility due to the de- 
coihposition of the explosive. With sulphuric acid alone 
+he solubility rises slowly with increasing strength of acid 
until a*^, acid strength of about 50 per ce®t. is reached. 
Then the rise in solubility becomes very rapid, the curve 
being almost vertical in the region where H2vSO4=90 per cent. 
Between 50 and 90 per cent, great instability is exhibited,* 
and the ifitroglyccrine is liable to undergo spontaneous 
decomposition with uncontrollable violence, so that manu- 
facturing op^tious must be so adjusted that nitroglycerine 
is not brought inbojcontact with acids of this strength. 

With sulphuric acid containing water and nitric acid 
in the proportion i ; I'l the case is somewhat different, 
and instability is : 5 ost marked when the mixture contains 
under 60 per cer«t. of sulphuric acid, t.e. contains more*than 
40 per cent, of jiitric acid (5f*52 per cent, sty^ngth. 

The curve of total nitroglycerine absorbed in acids con- 
taining varying percentages of sulplfUric acid shows a very 
marked* peak wher^ 112804=50, and becomes almost 
vertical ^aboye the point* 112804=80. The amount of 
nitroglycerine ^ dissolved as such also becomes very steep 
when H2S04=8 o, btit the peak where H28O4=*50 is only 
very slight, showing that the solubility is chiefly due to 
ddbomyosifiSn.^ These vajues are iyiportant both as a 
guide to suitable acid mixtures for obtaining a good, yield 
and also as showing that nitroglycerine piay become 
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dangerous through violent decomposition when in contact 
with acids of certain strengths. 

Glycerine is invariably obtained from natural sources, 
viz. from fatty oils, and is a by-product from the soap 
industry. Over 50 per cent, of the world's production 
of glycerine is used ih the manufaclure of explosives, the 
remainder being used chiefly for riedicinah purposes. In 
view of the extremely simple chemical structure of the 
glycerine molecule, it fs curious that no synthesis has yet 
been devised that is even remotely suited for use on a large 
scale. Proposals have been made to carry out the synthesis 
by condensing acetylene with methane in the j Presence of 
suitable catalysts, and then converting the bnc}dene thus 
obtained into glycerine by treatment with chlorine dnd 
ai'akli— 


CH 

CH2 

CH2C1 

Cll^Oi-I 

III +CH4 

1 

1 

1 

CH 

CH 

II 

CHCl 

1 

CHOH 

1 

r 

II 

CHo 

1 

CHoCl 

1 

CIIoOH 


but no success has been achieved, as the reactions are not 
so simple as they appear. 

Glycerine is always formed as a by^prodtfct in the 
fermentation of sugar by yeast, and is probably formed by 
the auto-digestion of the yeast cell. A process based on 
fermentation would therefore not seem to be impossible, 

. and'^he United States Government claim that they have 
evolved such a process and have proved it to be feasible 
OQ a manufacturing scale. No details have b'een made 
public, but the process has been communicated to the 
Allied Governments. 

Prior to theVar the price of dynamite glycerjne " was 
variable, but in the neighbourhood or;fioo per. ton, about 
io\d. per lb., and although this wouldmo doubt come down 
considerably with increased supplies, still the demand is 
so great that a suf&cjient margii^ would renjaiii to allow a 
good profit on a synthetic process should one be discovered. 

Possibly fdycerinc may be displaced in the future to 
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some extent by glycol, as this seems somewhat easier to ojjtain 
by synthetic nj^eans — 

CH .* CHg CHgHlg CH2OH 

III “^11 I •'^1 

' CP CHsHlg CH2OH 

The best results are obtained by using bromine, the 
^ yield? under tliese^ cir(*limstances being said to be almost 
theoretical. %he capital cost, however, is very heavy, and 
the unavoidable mechanfcal loss wliich takes place in all 
manufacturing operations is a serious item when an ex- 
. pensive material such as bromine is involved, so that should 
glycol be manufactured extensively by this method it 
would be necessary to use chlorine. This, owing to its 
lower atomic weight, has the further advantage of requiring 
“^^xr^siderably less alkali for the final hydrolysis. Dinitro- 
glycol quite suitable for the manufacture of explosives, 

. and its use is actually authorized in France (s^e page 41). 
It contains exactly the right amount of oxygen for its coni-^ 
plete oxidation— 

CH,ONO, • 

I * . =--2CO.,-| alUO+N^ 

CH.,ONC).. 

C • “ " o 

NiTROCEI.I.UI/)SE 

Cellulose has the formula (CeH]o05)„, the molecular 
weight lining quite unknown, altfiough there is no doubt that 
the molecule is «Df great complexity. The structure is also , 
quite unknowjj, but as ififric esters containing 13 '96 per 
cent^ of nftrogen can be obtained it is probable that thei« 
are three hydroxyl groups reckoneS in the simple mole- 
cule C0H1OO5, the ffinilric ester of which would contain 
I4’i4 pg: ceijt. of nitrog6rf. It may be smd at once that 
these estets vwth* hi^h nitrogen content are unstable and 
of no commercial vahie, as it is almost impossibfe to obtain 
• stable nitrjcellufo^es containing much over 13 •! per cent, of 
nitrogan. - ^ , 

Some authorities attempt to classify nitrocclluloses by 
ascribing the infaginary formula C24H40O20 to.cellulose,^but 
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the __ cellulose esters as at present known are undoubtedly 
mixtures, and it is much more scientific to characterize 
them by their nitrogen content and by their solubility in 
ether-alcohol (one volume ether and two volumes alcohol). 
Officially in this country guncotton is'iilefiued as nitrocellulose 
containing over 12*3 per ‘cent, of nitrogen, and of which not 
more than 15 per cent, is soluble in alcohol-ether. Esters 
containing less than 12*3 jier cent, of nitrogen, and nfore or 
less completely soluble, 'are knowiiuas collodion or pyroxylin. 
In factories guncotton is generally known as G.C. and collo- 
dion cotton as C.C., whereas N.C. denotes nitrocelluloses in 
general. 

The whole theory and practice of the preparation of 
nitrocellulose rests on an empirical basis, owing to the 
cbmplete absence of any knowledge of the structure of tji^ 
cellulose moleOule. Undoubtedly all forms of cellu&se are 
colloidal in nature, but to what extent the substance known 
as cellulose represents a pure compound we have no means 
of ascertaining. Probably there are numerous forms of 
cellulose, bn,"*- speculation on this line must remain guess- 
work in our present state of knowledge. In the manu- 
facture of nitrocelluloses the chief raw materials are cotton 
waste, used chiefly for making guncotton and" collodions 
for varnish or celluloid, cotton wadding used for collodion 
for blasting explosives, paper used for various purposes 
such as celluloid, and purified wood or wood pulp ..used for 
certain smokeless powders. It is probable that great 
progress has beon made in the use of wood in Germany 
owing to their military requirements and the failure of the 
cotton supply through the Allied blockade, but no information 
on this point is as yet forthcoming. 

Cotton wasie used for making guncotton u^idergoes 
several processes of purification before ft is fif for nitration. 
These consist in extracting with solvems and scouring with 
soda to remove oil, washing and bleaching. This preliminary 
treatment is carried ou,t by the suppliers and not ty the*explo- 
sives works. As delivered, it should contain under 8 per 
cent, of moisture and not more than -4 percent, of oil. It 
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should not *be harsh to the touch or friable ^overbleaching) 
and should oidy produce slight reduction when boiled Vith 
Fehling’s solution (oxy cellulose). It is picked over by 
hand to renioV'e hits of string, nails, etc., and then run 
throuf^h teasing mcj?:hine to loosen knots, dust being at 
the same time removed by a fan.* A-fter drying, to reduce 
the moisture to 1 per cent, or less, it is ready for nitration. 

Guncotton.— The mixed acid used for manufacturing 
guncotton in This country (13 per cent, of nitrogen) has the 
composition — 

HNOs 23 

lf2S04 . . . . . . . . . . 70 

^ H ?0 .... .7 

111 the old Abel process the cotton in lots of lbs. was 
di^.\into the mixed acid contained in^ast-iron pans. 
After five minutes it was lifted out, squeezed by hand on 
an iron grating and then placed in stoneware pots set in a 
trough of running water. Nitration proceeded for 12 hours,* 
after which time the excess of acid was wru^ out as far 
as possible in hy dr o^extr actors and the guncotton drowned 
quickly in a large voluftie of cold water. This process was 
later modified into the direct dipping process, in which the 
cotton is digested with the mixed acid for from 8 to 24 hours 
at 20° C. in water-cooled iron pans, the ratio of acid to 
cotton being 6:1.* Both tiiese •[processes, which are still in 
use on the Continent and in some collodion works in this 
country, were wasteful in acid and injurious to the workmen * 
owing to the fumes. In addition, a great deal of labour 
was involved and charges fuming off*were frequent. Indeed 
in the Abel process*^ drop of perspiration falling on to a 
charge when^ digesting w»» frequently sufficient to cause it 
to fume off. Tljes# disadvantages led to the introduction 
of the displacement process by Nathan and Thomson (E.P. 
8278°^. A^., 1906, 77), by which great economics in 

pjater^l atfd labour were^ effected, all fumes avoided, and 
a superior product obtained. The process has bee^ very 
generally adopted by explosives works in this country and 
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is coming into extensive use on the Continent and in 
America. Up to the present it has not been generally 
used for the manufacture of collodion, but by selecting a 
suitable mixed acid there would seem no good reason why 
it should not be used for this purps^se, and no .doubt the 
extensive guncotton plants that have been erected for war 



purposes will be diverted in this direction, the collodion 
being used for medicinal and photographic purposes, arti- 
ficial silk, celluloid, varnish, aeroplane dope, etc. 

The nitrator is shown in Fig. ii, and*consists of a shallow 
earthenware pan, 3 ft. 6 in. diametej, iqM. deep at the sides 
and 12 in. deep at the run-off cock at the c*enti;e. It has a 
false bottom of perforated stoneware segments. The rmiioif 
cogk i$ connected wifii the mixed acid stpre tanks, waste 
acid tanks, and with a drain, and four nitrators are usually 
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grouped together so as to be worked as one unif. In carrying 
out a nitration mixed acid (650 lbs.) is allowed to run into 
each pan, and |?ien 20 lbs. of cotton waste added in single 
handfuls and quickly pushed under th^ surface of the acid 
by m«ins f>f an aluminium foslc. During this process the 
pan is covered by a light portable akimtniurn hood connected 
► with a fume pipe* so tha^ all acid fume is drawn off. When 
the wkole of the cotton has been added it is covered with 
loose perforated stoneware segmentsf on to the surface of 
which a layer of chilled water at 5° C. is run dowly. This seals 
the plant and prevents any escape of fume. Nitration takes 
2\ hours, aifd the fuming off of a charge is almost unknown. 
When nitration is complete the waste acid is run off at the 
bottom at the rate of about one gallon per minute, and at the 
,^^e time and at the same speed cold water is run on to thfe 
iopp^orated plates. Water being a gretft deal lighter 
than the waste acid, the line of demarcation beMveen them 
* remains fairly sharp and about 500 lbs. of waste acid are 
recovered in a state fit for revivifying with nitric acid and 
oleum. This portion of the waste acid ha* the com- 

position— 

HNO3 18 

HJS04 . .* * 727 

HoO .. 93 

the rest is somewhat weaker — • 

Illfo, , 18 

H 2 SC )4 . . . • • • • • 61 

lieC •. *21 

and Is denitrated and concentrated! Displacement takes 
about three*hours, anQ the loss of acid is only about i per 
cent, of Jhe \^eight of thef guncotton made.* The yield of 
gimcotton ^ aljout 170 per cent. Up to the present these 
displacenffent nitrato!^ ha^^e always been construtted of the 
, dimensions ^veif, as stoneware vessels of large size are 
exfensiye aid not* very satisfactory. Jhere would seem to 
be no reason, however, why larger vessels should n®t be 
built of cast irondined with acid-proof stonew^e segments, 



EXPLOSIVES 


48 

of epamelled iron or of ferro-silicon. Naked cast iron or lead 
cannot be used, as, although they would be unattacked 
during nitration, they would be seriously affected by the dilu- 
tion of the acid during the later stages of the displacement. 

The ccnirijugal nitrating >^pyocess'^s used extensively in 
Germany and also to^some extent in this country, especially 
for the manufacture of collodion cotton for blasting explo- 
sives. In this case nitration is carried on in a cenLifugal 



machine so arranged that the rotation of the basket causes 
the acid to circulate through the cotton. A simple type of 
nitrating centrifugal is shown diagraMmaticall^ in Fig. 12, 
the circulation'^of the acid beir^. indicated by the arrows. 
It will be noticed that the vertical spincjle passes through 
the centrahconical part of the outer casr by a sleeve situated 
well above the acid level, and is attached -do the basket at 
the top of the central perforated cone. Duriijig nitration 
the i;nachine rotates very slowly, but when nitration is 
complete the excess of acid is run off and the; machine speeded 
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up so as to wring out the superfluous acid. This wringgig, 
however, must not be carried too far or there will be con- 
siderable danger of the charge fuming off, and this applies 
to all processes lii which the excess of gcid is removed by 
whizzing, ^s a rule th^acid content of the nitrated cotton 
is not reduced below 50-60 per cent.* before drowning. The 
* charge for a cen*krifugal machine is 15-25 lbs. of cotton and 
750-1230 lbs. mixed’ acid. 

The composition of the acid used for making collodion 
depends on the duration and temperature of nitration, 
process of nitration employed, and on the nature of the 
■product required. The viscosity of the solutions of the 
collodion depends very largely on the temperature at which 
nit: <Aion takes place. For blasting explosives high viscosity 
is^ required, so that nitration is carried out at or about the 
ord"mtlt>- j temperatufe. A suitable mixed ^feid for this 
purpose is-- 

HNO3 25'() 

H2SO4 57d 

17*5 

^hese collodions usu?illy* contain about 12 i)er cent, of 
litrogen. 

For smokeless pc^vders the viscosity is much less im- 
)ortant, nitrogen content, which is a measure of power, 
)eing the important point. Ncf reliable information is 
ivailable as to the acids used for nitrating cellulose ,for 
porting powders, but the United States military powder 
s made with an ^cid of this composition— 

• KM)3 • .. 2r5 

H2SO4.. 63-5 

HoO .. .. t*. . .. 150 

• • 

Nitration .is carried* out by the displacement process at 
i tempeiatftre of 3o'"C\nd takes from i to 2j hours. Seven 
;iundred pounds 01 acid are used for 20 lbs. of cotton, and 
:h<l ^‘rodiict c«nt^ns about ig y per cent^ of nitrogen and is 
ilmost completely soluble in alcohol-ether. A similar mlro- ' 
cellulose is used by' the French Army. The yield is 155 pg: 
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cei^t. For varnishes and photographic films low viscosity 
is required, and hence nitration is carried out at a higher 
temperature, although this usually entaiis a lower yield. 
A good low grade pyroxylin can be made with an acid — 

HNO3 ' .. .. ^17 ' 

H 2 SO 4 . , 55 

H2O - "..28 

<1 

nitrating for 15 miiU'tes at 45'’-55° C. and using 50 parts 
of acid to each part of cotton, ^fihe ])roduct contains about 
12 ‘4 per cent, of nitrogen, and the yield is about 130 per cent. 

Washing. — After a preliminary wash to, remove the 
greater part of the acid the nitro-cotton is ))oiled several 
times with water. This boiling is carried out in i)itch,pine 
«vats with a run-off cock below a perforated false bottom, 
heating being effected by direct steam. The nui2.ib’..:r^d 
duration ,of the boilings varies at different factories, but 
good results are obtained by two boils of twelve hours each,* 
followed by five of four hours each and then thrle of two 
hours each, the object of the long boils at first being to 
hydrolyse unstable esters. Collodion cotton for blasting 
explosives will not stand such drastic treatment, as boiling 
spoils the viscosity of the jelly formed with nitroglycerine. 
Hence it is usual only to wash it several times with water 
near the boiling point. Nitro-cotton cannot be rendered 
stable by boiling alone, as acid gets fa to the hollow fibres 
and cannot be removed by this process. Thd only way 
to remove this is by the pulping process introduced 
^by Abel. After boiling, therefore, the cotton Js removed 
to pulpcrs and made to circulate between rapidly re- 
volving knives until reduced te fine pulp. The con- 
struction of a'pulper is shown ^diagrammatically in Fig. 13. 
Here again the process must not be carried tdo far with 
collodioDv intended for blasting e:^lo^Ves, or the gelatinizing 
properties will be spoilt. A large amourat of water is used 
during the pulping operation, and wheri pulpbfg is complete 
the, creamy liquid Ts pumped into tanks at the top of the 
building and then made to flow along long wooden gutters 
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lined with woolly blanket material. The woolly material 
collects a larger, amount of grit, and particles of iron are 
collected by ele''tro-magnets placed at intervals. The pulp 
then enters a large timj)er vat, known ns a poacher, fitted 
with a* wooden paddle, where it is allowed to settle and the 
supernatant milky water drawn off. * The pulp is then stirred 
up with more water jand t*gain allowed to settle. It is usually 
given three washes in the poacher, and is then removed 
to hydro extractors and as much of the water as possible 
extracted. As obtained from the extractors it contains 25-35 
per cent, of moisture, and in this state is perfectly safe. 



Fig. 13. — Pulpii.g Machine for Nitrocellulose. 

^ • 

Dry nitrocellulose, however, is very casil}^ inflamed, and all 
operations with it* must be carried out in danger buildings. 
The stoves are light timber structures surroiTnded by earthy 
mounds and certain movable trays pn which the nitro- 
cellulose is spread. These trays may be constructed of 
light timber frames with canvas bottoms, brt fine copper 
gauze or iwnc sheet is^ mucli better. They are about 2 in. 
deep and miTst be e^rl^ed, as dry nitrocellulose is v^ry easily 
, electrified. Heating is brcfUght about by blowing in warm 
' uir, J'lut the ^ftiperciture of the stove must not exceed 40° C. 
To a vbid* nitrocellulose dust^eing blowA about, some firms ^ 
compress the wet cotton into slabs by means of hydraulic 
presses before drying. This system has many a^dvant^ges. 
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altliough drying takes somewhat longer. Only moderate 
pressure is used in forming the slabs so th^t they are easily 
broken up when dry. In any case, as dry nitrocellulose is 
much more dangcious when warm, the stoves must not be 
unloaded until they have c'ooled. 

If the nitrocellulose is going to be used for making 
smokeless powder by gelatinization with alcohol and ether, 
or if it is going to be used for making a solution id which 
alcohol is employed as a solvent,'- there is no need to dry it. 
Under these circumstances it is packed into cylinders and 
alcohol then forced through it in a downward direction. 
The first runnings arc pure water, followed by' dilute spirit 
which is afterwards rectified. The last runnings are stronger 
spirit, and are used for the first washing of the next batch. 
The process is very similar in principle to the displacy^tent 
process of nitrating, and is generally known as “alcolfolizing,” 
The average cost of manufacturing guncotton (13 per 
cent, nitrogen) at three Government factories during the 
period J anuary-J une, 1918, was/^i37*8 per long ton, about 
IS. 3^^. per lb., this amount being made up as follows : cotton 
waste £s^'6, nitric acid ^44*5, labour, etc., £3^-6, sulphuric 
acid £6*1 (C.T.J., 1919, p. 139). 


Nitroaromatic compounds 

c - n 

.Dinitrobenzole.— Although mononitrobenzok cannot be 
exploded either by a blow or by a fulminate detonator, the 
,dinitro-compound is sufficiently unstable tb be exploded by 
either of these means, although only with difficulty, explosion 
being brought about by a two-kiffigram weight falling 200 
cm., the dinitrobenzole beings ponfiiied between hardened 
steel surfaces. It is made by nitrating nit-Tobenzole with 
mixed acfiis at 100 C., its manufactu^, -being fully described 
in the volume on “ Coal Tar Dyes and intermediates " in 
this series. The pure product melts ^ at 'but ^the' 

.commercial ar tick at 8o®-85® C. ' 

Dinitrotoluol and Trinitrotoluol.— Both these are used 
^ extersively^n the manufacture of explosives, especially the 



EXPLOSIVE COMPOUNDS • 53 

• • 

latter. Trinitrotoluol (T.N.T.) is exploded by a two-kilo- 
gram weight falj^ng io8 cm., and is fairly readily exploded 
by fulminate of mercury. In the pure state it is used for 
naval and military purposes in torpedo chgrges and to a lesser 
extent fn shells. It linds its chiei* application, however, when 
mixed with nitrates, especially amnlondim nitrate, for shell 
. filling (amatol) add as a V asting explosive. Although T.N.T. 
can be bbtained from toluol in one step this process is very 
extravagant in acid, and consequently the manufacture is 
invariably carried out in two or three steps, depending to 
some extent on the quality of product desired and on what 
other products are being manufactured simultaneously. 
In spite of the enormous output of T.N.T. for war purposes, 
it is* doubtful if the most economical process for use under 
pea(;e conditions has yet been evolved. This is due to 
the shoitage and ejfcessive price of sulphuri? acid having 
compelled manufacturers to work more with a view to 
economy of acid and oleum than with a view to minimum 
cost of production. Under present circumstances only 
about 2 lbs. t)f T.N.T. are obtained from i lb. ofitoluol, this 
corresponding to a yield ^of about 77 per cent, of theory. 
With increased supplies of oleum available it will probably 
be found nibre economical to complete the final nitration 
with a stronger acid and a correspondingly lower temperature, 
as by this means betjer yields wil^ be obtained. 

In carryir^ out the nitration in two steps, toluol is first 
nitrated to monotfitrotoluol * (M.N.T.) and this then further 
nitrated to T.]S*T. The composition of the mixed acid 
used ^r the final nitration depends on what acids are avail- 
able for mixing, but both the following give good results. 
The latter, however, tisually requires a small amount of 
oleum — ^ . •• 

HNO3 • /. 16 18 

^ • • • 7 ® ^ 

^ H2O, . . ' . . . . . , 6 4 

m V 

The amoi!nt gf mixed acid taken is s^ch that it contains 

• • 

* For details see Bgirnett, "Coal Tar pyes and Intermediates,'' in tUis 
scries* p. 
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I J ]|bs. of nitric acid for every pound of M.N.T. to be nitrated. 
The size of the charge varies in different worj^s, but by using 



Fig. 14. — Nitrator for Nitroaromatic ®ompoup/is 

f2,0G0 lbs. of mixed acid about 2000 IbsL of T.N.T. can be 
made, and this can be worked conveniently in a nitrator of 
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1000 gals, working capacity. These nitrators are made of cast 

iron with internal lead coils for heating and cooling, and* are 
provided with ah efficient mechanical agitator (Fig. 14). In 
working a charge the mixed acid is first jun in and then the 
M.N T*. Diijing the addftion of the latter the temperature is 
not allowed to rise above 50° C. Whan aH the'M.N.T. has been 
added the temperature is raised at the rate of about 1“ C. 
every two minutest At about 70° C. there is considerable 
evolution of heat, and care must be taken to check this by 
turning water into the coils. The charge is generally cooked 
for I hour at 100° C., and the temperature then slowly raised 
to 120® C. «nd maintained at this point until nitration is 
complete. This generally takes about J hour, and is ascer- 
taiiTed by taking a sample and determining the setting 
point. The charge is then cooled to 85° C., and about | gallon 
of water for every hundred pounds of mixedF acid used run 
in. The object of this is to reduce the solub’lity of the 
T.N.T. in the spent acid (D.R.P. 254,754). During the 
addition of the water the heating up of the charge must be • 
carefully checked and the temperature not allowed to rise 
abovd 100° C. The^pharge is then again cooled to 85° C., 
the agitator stopped ancl separation allowed to take place 
for an hourt The* lower layer of spent acid is then drawn off 
and the supernatant T.N.T. run off into a tank of boiling 
water for washing. It must be washed free of acid, and on 
no account ^must any alkali be used, as if so the T.N.T. 
becomes very sensitive. Usually four washes suffice to 
remove all the g^id, after which the T.N.T. is^driedby heating 
to iy5° C. and then either cast in shallow trays or flaked 
on an internally water-cooled revol^fing drum. Instead of 
adding water to the cffiaige after nitration, dilute sulphuric 
acid ob^ine(^ from the vttsriol concentrating plant can be 
conveniently used» 

The v?aste acid ’rl'om ^he trinitration contain* consider- 
able qijantitits oi'T.N.T. in solution. This can be recovered 
by* agiteti^ it.at^o° C. jvith the M^N.T. to be used for 
the next charge, in which case any nitric acid present is 
used up with the. formation of a small quantity of dinitro- 
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toluol. In this case the final waste acid will contain about 
3 p^r cent, of nitrous acid, and is denitrated and concentrated 
for further use. In some works, however, the T.N.T. spent 
acid is revivified by the addition of nitric!: acid and then 
used for making M.'N.T. The T.N.T made by this process 
has a setting point of , about 76° C. 

The three-stage ])rocess is somewhat more complicated, 
but is frequently used by those works which make m- 
toluylenediamine. Asi^before, the toluol is first nitrated to 
M.N.T. This is then converted into the dmitro-cr)mpound by 
treatment with an acid of the composition — 


HN ()3 30 

. . . . . . 64 

HoO 6 


riitration being carried on at 60® C. and the charge Ji^lly 
cooked at 80*^ C. The dinitro-compolind can then be 
directly nitrated to T.N.T., or it can be roughly separated 
into fractions of high and low setting point. This is done 
' by draining in on fine mesh wire gauze trays at a temperature 
near its setti^ig point, when most of the lower inelthig fractions 
run off, the last being got rid of by whirzing. If the residue 
is then nitrated, T.N.T. with a setting point of 80° C. is 
■obtained. The oil can also be nitrated,, aild for tnis purpose 
Kscales recommends an acid of the composition— 


HNO3 ..o .. 10-2 

H2SO4 82-2 ‘ ' 

^ H.O 7-6 

allowing a ratid of acid to dinitro-compound fof 2*8 : i. 
T^e setting point of the T.N.T. thus obtained is 72 °- 74 ° C. 
Those qualities of T.N.T. that haye k)w setting points are 
obviously mixtures of various isQ^eric trinitrotoluenes with 
some dinitrotoluene. 

For th^ manufacture of blasting e';^:plosives the setting 
point of T.N.T. is not a matter of importance, but for deto- 
nating fuze and certain military purpolses in “which . the 
explosive is to be used unmixed 'with nitrate it is necessary 
to employ almost pure syw-trinitrotoluene (M.P. 81 ‘9) in 
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order to sectire complete detonation. For trfs purpose the 
crude T.N.T. can be crystallized from alcohol contaSiing 
20 per cent, of benzole, from o-nitrotoluol (E.P. 17,003^^) or 
from sulphuric acid monohydratc (D.R.P. 237,738). The 
setting point can also .be raised by wasliing with alcohol or 
boiling sodium sulphite solution, ^r by albwing the crude 
product to drain on wire gauze in stoves maintained at a 
temperature approximating to its setting point. 

When orgeftiic solvents are employed in its purification 
the residue left on distillation consists of a mixture of di- 
and tri-nitrotoluols. On nitration it yields a product which 
remains lii^iid at the ordinary temperature and is much 
used for majiufacturing blasting explosives, especially non- 
freazing jellies, as it mixes very readily with nitroglycerine. 
The first liquid product of this nature was manufactured 
by j . W. Teitch &.Co., of Huddersfield, android as liquid 
trinitrotoluol.'’ The method of manufacture is a trade 
secret, and although other firms have produced similar 
liquids, they have not the same capacity for remaining fluid* 
and usually become pasty on standing. Trinitrotoluol, 
like all other aromatic uitro-compounds, has a decidedly 
toxic effect on those 'forking with it. The preliminary 
symptom is a rash which appears chiefly on the arms and 
may be followed by* toxic jaundice, several fatalities having 
occurred from this cause. The trouble is most marked during 
the summer months, and some Individuals are much more 
sensitive ' than q/;hers. Those that are sensitive should not 
be allowed to continue working, and any worker who shows 
signs of jash should at once be given a change of wo^k 
untif these symptoms have subsided.* In Great Britain there 
is a statutory obligati^m ^ o provide baths, special clothes, and 
rubber gloves for those htgdling T.N.T. and kindred com- 
pounds.* As regarjjsfubber gloves, the author’s experience is 
that they*do more Slrm than good, as the interio* gets soiled 
when taking^ off, and thereafter the sweating of the hands 
tlfit tliey fiiduce causes T.N.T. to be more readily absorbed 
through the skin. Closely* woven cotfon gloves or cljamciis 
leather gloves ar,e more satisfactory, as they can be washed, 
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after each day’s work if necessary. Probably the best 
preventive methods will be found to lie in ample ventila- 
tion, prevention of dust, and the artificial cooling of the 
work-rooms during \varm weather. When possible, workers 
should be given a change of employment at regular intervals. 
Under the provision^ of the Factory Act they must be 
medically examined at frequent intervals. ’ ' 

Trinitrotoluol is known under various trade names^ such 
as trotyl, tritol, triolit^, but most usually by the initials 
T.N.T. Until recently it was specially exempted from treat- 
ment as an explosive by an Order in Council made under 
the Explosives Act. The numerous accidents that occurred 
during the war have led to the withdrawal of chis exemp- 
tion, and trinitrotoluol must now be manufactured under 
“danger ” conditions. The average cost of manufacture of 
crude T.N.T. fjetting point C.) at six Government 

factories during the period January-June, 1918, was £110 
per ton, the average consumption of toluol being ’491 ton 
“per ton of T.N.T. These figures must, however, be accepted 
with some aeserve, for whereas toluol, acid, and nitrate 
seem to be reckoned in long tons (224oJbs.) it is not stated 
whether T.N.T. is reckoned in long tons or in short tons 
"(2000 lbs.), the latter being almost invariably ' employed 
when dealing with explosives (C.T.J., 1919, p. 117). 

Picric Acid (Trinitrophenpl). — Under the names of 
Uyddite, Melinite, etc., picric acid was for many ,vears the 
. standard shell-filling used by almost all the Powers, but 
during recent years it has largely been r'^placed by the 
cheaper, safer, and more convenient T.N.T. I'he great 
disadvantage of picric acid lies in its acidic character and its 
capacity for forming highly sensitive 'salts, especially with 
the heavy metals, the lead salt Tieing the most dangerous. 
Picric acid cannot safely be mixed wijb nitrates such as 
ammonium nitrate, as owing to itr strongly acid character 
a certain amount of free nitric acid wpuld bj liberated 
should the explosive become d?.mp. Its use is confined 
t6 military purposes, and it will probably be completely 
displaced by ^.N.T. at an early date. 
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Picric acid was originally manufactured By direct nitra- 
tion of phenol^ but this process is never carried on now, 
although in looo a process for nitrating phenol in paraffin 
was described (Ti.P. 16,628®®) and g^od results claimed. 
The dsuai process is 6ased on the sulphonation of phenol 
to the monosiilphonic acid with subsequent nitration and 
simultaneous r^placemuit of the sulphonic acid group. The 
sulphonation is carried out with 4 parts of sulphuric acid of 
98 per cent, strength at ioo°-io5°. Another four parts of 
sulphuric acid are then added and the melt run into a nitrator 
and cooled to 20° C. The nitrator may be made of cast 
iron, but eftamelled iron is preferable. Nitration is brought 
about b}" the slow addition of mixed acid composed of equal 
parts of concentrated sulphuric acid and nitric acid of 61 per 
cent, strength. At first the temperature is kept below 
40° C., but after Half the mixed acid has been added the 
temperature is slowly increased to 70^-80° C. The charge 
is then run into a series of stoneware pots and diluted with 
an equal volume of water. On cooling the picric acid' 
crystallizes* out and is filtered off, washed, whizzed, and 
finally dried at a lc*v temperature, usually 35° C. 

A more modern process avoids the use of phenol, chlor- 
benzole bdlng used^as the starting out point. This is first 
nitrated to the dinitro-compound, which on boiling with 
soda gives dinitrophenol.* , Thjs latter is readily nitrated 
to picric ,agd, but details of the nitrating process are not 
available at pre^nt. This is probably the best process, and 
is likely to repkee the older process if picric acid continues 
to find use as an explosive. The cost of manufacture of 
picric acid, at H.M. Factory, Greetfand, during the period 
January-June, igi8,‘^was ^^1847 about is. Sd. 

per lb., Th^ process us^G was the nitration of phenol 
sulphonic acid {C^J., 1919, p. 162). 

Picric acid melts at ia2'6° C. * 

^ Tetrar^ftroaniline.— This was first obtained by Fliirsheim 
in igic^byliitrating w-niti^iniline or certain near derivatives 

• «< 

♦ For details see Barnett, “Coal Tar Dyes and Intermediates," in this 
series, pages 18 and 
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of m-nitranilin'e (E.P. 3224^®). The patentee describes the 
nitration of ;w-nitraniline as follows : “ One part of meta- 
nitro-aniline is dissolved in 36 parts of strong sulphuric 
acid (either concentrated acid or monohydrated or fuming 
acid) at the ordinary temperature or’ with external cooling, 
2 \ parts of sodinUi nitrate arc then added, and the mass is 
allowed to remain at the ordinary temperatuie or at a lower 
or only slightly higher tem])erature for several days.”* He 
also states that the nitration can be carried out by heating 
to 70 "" C. and then finally, after the reaction has subsided, 
to 100° C. It will be seen that a very excessive amount of 
sulphuric acid is required, and the cost of the process could 
only be kept within reasonable bounds by using the spent 
acid for other purposes. The compound has been used for 
detonator compositions, but tetranitromethyl aniline has 
been found mor^ suitable for this purpose# 

Tetranitromethyl Aniline.— This is really trinitro- 

methyl phenylnitramine and is known 

usually as tet^yl or tetralite. It is manufactured Uy nitrating 
dimethyl aniline, one methyl group being simultaneously 
oxidized. The process is dcscribeu by Kscales (“ Nitro- 
sprengstoife ") as follows : — 

One hundred kilos, of dimethyl aniline arc slowly added 
to 1000 kilos, of well-cooled concentruted sulphuric acid of 
97-98 per cent, strength. rC pale brown coloured solution 
is obtained, but it must not be too dark ai;d must remain 
‘transparent. As the solution decomposes on standing the 
nitration should be effected as soon as possible.' This is 
brought about by running the solution slowly into 530 kilos, 
of nitric acid of 87 per cent, strength v'hich has previously 
been warmed t6 40° C. The sti^ igth of the nitric acid is 
important, as if a stronger acid is used the prqduct separates 
in large crystals which are difficult to wash. During the 
addition of the dimethyl aniline solution the ^femperature 
at first is not allowed to exceed 44° C., but after Jtwo-thirds 
h?>s be,fn added it is Allowed to rise to 55° „C., and when the 
addition is complete the charge is cooked for two hours at 
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this temperature and is then cooled and alfowed to |tand 
overnight. The nitro-compound crystallizes out and the 
majority of tl^ spent acid can be run off. On the average 


this has the composition — , 

• HNO3 . » . . * . . . . ^ii-05 

H2SO4 .* • . . * 74 T )4 

HoO' • 12-(H) 

N62 ' 2-58 

Nftro-compomids . , ’ . . ‘24 


The nitro-compound is then collected on hltcrs, and after 
washing first with dilute sulphuric acid and then with water 
is dried. The yield of the crude product is 210 kg., but it is 
unstable and should be purified at once by rccrystallization 
from benzole. The benzole is recovered from the liquors by 
distillation, and to avoid danger of the residue exploding it is 
best to add a largtf volume of water before commencing the 
distillation. These residues are quite valueless aiid arc burnt. 

Tetryl melts at i29°-i3o'' C. and is very poisonous. Up 
to the present it has only found application for detonator^ 
or shell fu^es, but its use as a shell filling or as an ingredient 
in blasting explosive has been proposed. During the period 
J anuary-June, 1918, 145*6 tons of tetryl were manufactured 
at H.M. Factory ,*Qipeensferry, at the average cost of ^^297 *4 
per (short?) ton, the consumption of dimethyl aniline being 
•546 (long ?) tons p^r (short^.-^) ton of tetryl produced (C.T.J., 
1919, p.j6s). 

Pentanitronfethyl aniline (tctranitromethylphenylmitra- 
niine) has bee» described fE.P. 3907 biit does not seem 
to have found any application. ^ 

Miscki.i^\NEous Compounds 

Tho^following cmupouiiUs have been proposed for use aS 
explosives’or as ifl{|rediciits in the manufacture of explosives, 
and although not in general use they are worfliy of short 
qiptice*wiUi h view to possible future developments : — 

Nitrometbane, CH3NO2. — A stable liquid boiling un- 
decomposed at 101° C. It is readily obtained by the* action 
of sodium nitrite Qp chi orace tic acid (B., 42 , 3438), and owing 
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to its low molecular weight would be useful as a means of 
lowering the freezing point of nitroglycerine. Its high cost 
precludes its use at present, but experiments carried out by 
the author indicate that the yields could be greatly improved. 

Tetranitromethane C(N02)4.— this freezes at ^3° C. 
and boils undecomposed at 126“ C. Owing to its large 
content of oxygen it would be a nmst valuable ingredient. 
Several processes have been described tor manufactaring 
it by the action of nitric acid or nitric anhyOride on acetic 
anhydride (D.R.P. 211,198, 211,199, 224,057) or on nitro- 
aromatic compounds such as picric acid (D.R.P. 184,229), 
but it is doubtful if any of them are yet technicaMy possible. 
Tetranitromethane is very toxic. 

Nitro-sugars.— These have been studied with a vieW' to 
their use in detonators. As a class they are soluble in water 
and hence the:i isolation is troublcsoLic. They can be 
purified by crystallization from alcohol, but are too sensitive 
and unstable for use (J?., 1898, 68-90). 

Nitro-mannitol.— Mannitol gives a hexanitrate which 
is insoluble ,in water and can be crystallized from alcohol. 
It melts at 112° C. and is comparatively stable. Several 
attempts have been made to employ it in detonators, but with- 
out success so far. It is, however, worthy of further attention. 

Nitro-starch. — Many attempts have been made to 
employ nitro-starch as an ingredienf in explosive mixtures, 
but up to the present no marked success has been obtained. 
Starch is troublesome to nitrate, as it balls together, and the 
only satisfactory^ method is to dissolve it in nitric acid and 
then spray the solution into sulphuric acid or mixed acid. 
So far it has been found impossible to stabilize the product 
on an industrial scale, but as a ^able nitro-starcli with* 
1 4 ‘04 per cent. 6t nitrogen has been^btained in t|ie laboratory 
by elaborate treatment with organic ^(^Ivents it must be 
concluded tiiat the instability is due to impuritiesl' Nitro- 
starch is soluble in nitroglycerine, but does hot gelatinize it. 
For further information see S. 5 ., :59io, 82. 

' HeKanitrodiphenylamine.--This har been used in 
Germany as a charge for floating mines. It is made by the 
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nitration of diphenylamine or by condensiilg chlordinitro- 
benzole with aniline and then nitrating the dinitrodiphenyl- 
amine thus obtained. It has the objectionable property of 
being an acid and is extremely poisonous, so that its use is 
* not likely to become general (S.5., 1910! 15 ; IQ13, 205, 231 ; 
D.R.P. 8^,295). ^ • 

Hexanitrodiphenyl Sulphide (Picryl sulphide). — This 
can be obtained by the action of sodium thiosulphate on 
I)icryl chloride (PIP. 18,35313). :i is very stable, non- 
])oisonous, and does not stain yellow. It is decidedly more 
powerful than picric acid and about 10 per cent, stronger 
than trinitrotoluol. It has been proposed for use in 
detonators and as a shell-filling. In connection with the 
latter, and in view of the use of gas in warfare by Germany, 
it is interesting to note that the patentee (Carl Hartmann, 
Sclilebusch) claims that “ the free sulphurous acid contained 
in the fumes on the detonation of a striking shell renders the 
continuance in a closed space, such as casemates, holds of 
vessels, etc., impossible ” (E.P. 18,35413). Unfortunately the> 
compound ;s expensive to produce, as picryl chlqfide can only 
be obtained by the nitration of chlorbenzole by using excessive 
amounts of acid. 5 'hi^ might be remedied to some extent 
by fortifying the, waste acid from the trinitration and then 
using it for mono- of di-nitration. The corresponding sulphone 
is obtained by oxidation with nitric acid (D.R.P. 269,826). 

Hexanitrodipllenyl Oxid 5 . — The symmetrical com- 
pound (picric anhydride) has not been described, but an un- 
synimetrical compound is obtained by condensing i-chlor- 
2-4-dinit:;o-benzole with ^fMiitro-phenol and then nitrating 
(D.R.P. 281,053). It is a stable Compound of about the 
same power as picrip add. 

Hexanitro-oxanilideiT-This can be obtained by nitrat- 
ing oxSnilide 391,106). It is a stable compound 

melting et 295°-3oo° C., and is about as powerful as tri- 
nitrotoluol. ^ Its temperature of explosion is rather low, and 
Ifiuce^it tjiay find useful application as an ingredient of 
permitted expfosives for use in fiery n!ines. . # 

Hexanitrodiphenyl. — A stable explosive obtained by 
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the ^ction of copper powder on picryl chloride. It is too 
expensive for general use, but may find application for 
detonators (F.P. 18,333^^). 

Spent Acids.— The manufacture and concentration of 
nitric and sulphuric acids is treated'* In another volume in 
this series,* but hlthcrugh the recovery of spent acids from 
nitration operations is carried out by similar means it is 
accompanied by certain difficulties, due chiefly to the organic 
impurities present. Tile recovery of spent acids from the 
manufacture of aliphatic nitric esters is the most simple, as 
these acids are fairly readily burnt clean. In dealing with 
nitrocellulose waste acid the strongest jmrtioii is revivified 
for further use by the addition of oleum and nitric 
acid, and the nitric acid then recovered from the remainder 
by distillation. The residual sulphuric acid still contains 
2-3 per cent, of nitrous acid which cani^t be removed by 
distillation a-nd it is denitrated by steam, the nitrous acid 
being recovered as nitric acid in towers. The removal of 
this nitrous acid is absolutely necessary, not only on the 
grounds of economy, but also to avoid troubla with the 
lead work of the concentration plant. The denitrated acid 
is Anally concentrated, this being almost invariably done; 
in this country in the Kessler plant, although the Gaillard 
tower is in use by at least one big Arm, and cascade plants 
are also used. 

Nitroglycerine waste acids arc not distilled, but arc 
denitrated with steam and then concentrated. Like nitro* 
cellulose waste acids, this is easily'accomplished and is usually 
carried out in the Kessler plant. 

Spent acids from aromatic nitrations are much more 
difficult to deal with owing to themfore stable nature of 
the organic impurities which tk&y contain. In addition 
the separation of the nitro-compounds‘'i'^^slc'w and in fact 
usually continues for several days or even weeks, although 
the amount that separates is usually comparatively, small 
and hardly worth recovering. The acids usualiy contain 
little or no nitric acid, but from 3 to 4 per cent, of nitrous 
* Partington, "The Alkali Industry,” in tais serie.s. 
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acid, and hence denitration must be brought abouti by 
steam. A certain proportion of the organic matter is 
volatilized by this means, and as it becomes further nitrated 
.it sets at a comparatively high temperature and causes 
great frouljle in the condensers and towers. This is best 
remedied by using very capacious •coifdensers and keeping 
the part of them nearest the towers at about 50°-6o° C., but 
facilities must be provided for cleaning out solid matter, 
and steam laid on so that the whole plant can be heated up 
should signs of a stoppage appear. The denitrated acid 
still contains a large quantity of organic matter, and this 
tends to separate more readily owing to the greater dilution 
of the acid. Provision must therefore be made for collecting 
any that separates, as otherwise it may catch fire in the 
concentration plant. In any case a considerable amount 
always distils off during concentration, and lienee all fume 
lines and scrubbers must be run hot to prevent stoppages. 
'To reduce troubles of this nature to a minimum denitration 
is sometimes carried out with highly superheated steam, 
about 500° G., and this is undoubtedly the best way, as the 
high temperature rid*; the acid more or less of its volatile 
constituents and not only saves trouble in the concen- 
trating plaitt, but* a|^o makes concentration more easy by 
reducing the amount of organic matter. 

Owing to the sta])le nature of the organic matter in the 
sulphuric ^ci^, concentration requires a far higher tempera- 
ture than is the (?ase with the acids from nitroglycerine and 
nitrocellulose. IJoi this reas6n the cascade 1type of plant is 
almost invariably employed, and it is usually finished up with 
a cast-iron p^an or pans. These can 6e fired from the same 
furnace a*s the rest of ine "cascade, but are much better fired 
separately; T^|^e “ fume ’ ' frtjto these pans is at a high tempe- 
rature and is some^nfes used for denitrating the feed acid. 

If the denitration has b^en carried out at a higfl tempera- 
otur| so ^hat the 'denitrated acid is comparatively poor in 
organic jmatter, .concentratjpn can be ^carried out in the 
Kessler plant, but the heavy sludge is very apt to settld 
out in the plateaux and block up the culottes, so that 
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theflinodilied Kessler plants (such as the A.G.D. Concentrator) 
would probably give better results. 

This sludge is chiefly sulphate of iron which has been 
picked up from the iron nitrators or from the waste acid store 
tanks when these are made ef steel. It is extremely trouble- 
some, as it settles out in various parts of the plant and causes 
stoppages, and settles out in the b/isins of the cascade and 
causes them to crack. It cannot be avoided, but Can be 
reduced somewhat by using lead in preference to iron, 
especially when handling waste acid. Certainly this results 
in the formation of lead sulphate, but the amount is much 
less and it is somewhat less troublesome to deal with. 

% 
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Section III.— SMOKELESS PROPELLANTS 


PROrEI,I,ANTS FOR RiFI ED ArMS. 

The properties of a propellant for use with rifled arms are 
somewhat different from those required by smooth-bore 
arms, as the former require a slow-burning powder that 
will impart a “push “ to the projectile, whereas shot guns 
call for a more rapidly burning explosive, the effect of which . 
is more akin to a blow. The projectile in a rifled aim 
engages closely witii the rifling, copper bands (“ gas checks “ 
or “ driving bands “) being provided for this purpose in 
the case of steel shell, so that comparatively little gas can 
escape before the projectile leaves the muzzle. If a rapidly* 
burning ponder is used combustion will be coqjplete before 
the projectile has travelled any appreciable distance, and 
excessive and dangerotfe pressure will be developed. This 
pressure, moreover, will fall off rapidly, so that in addition 
only low muzzle vetocity will be attained. If on the other 
hand a suitable slow-burning powder is employed combustion 
will take place durnig the whol^ travel of the projectile, so 
that a steady j^ressure will be maintained and high muzzle 
velocity without excessive -pressure will be achieved. To 
maintain an even pressure until the moment that the pro- 
jectSe leaves the muzzle is usually fnechanically impossible, 
as it is* im'possible to 'ronstruct most guns with the same 
thickness of metal at the#inuzzle as at the oreach, but the 
longer the gfln tl^e slower burning must be the propellant. 
In rifled tarms the’ maximum pressure developed is usually 
about 15 tons ^er square inch, whereas in shot guns it is 
oTily a!bout 2-4 tons. 

Before the ‘introduction of smokelbss powder, slpwness ' 
of burning was attained by the use of moulded powders, 
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som^ of the pellets being as much as in. long. The re- 
duction of surface achieved by moulding the powders caused 
them to burn much more slowly, as combustion takes place 
only on the siirfacf>. Naturally as the powder burns the 
pellets become smaller, and* consequently the surface less. 
In order to compensate for this and maintain a steady rate 
of combustion, they were made with one or more perfora- 
tions. With these powders, although the external surface 
decreased during combustion, the mternal surface increased, 
so that by choosing a suitable number of perforations a very 
steady rate of combustion could be and was obtained. 
These moulded powders have now gone quite out of use, 
but the same principle is applied to smokeless powders, viz. 
the rate of combustion is controlled by the size of the powder. 

The following qualities are required of an ideal smokeless 
powder 

(1) Regillar Ballistics . — Regular ballistics are only 

attained with a regular rate of burning. For this reason 
the powder must not be so brittle that it breaks up during 
transport or combustion, and it must not be porous so that 
combustion can spread through the .mass without being 
confined to the surface. With tubular or perforated powders 
mechanical strength is necessary, as the gas pressure inside 
the tubes is greater than that outside, and consequently 
if the material is mechanically^ weak the tubes will burst. 
The effective surface of flake powders may becon|e reduced 
owing to the flakes lying face to face, and with a view to 
preventing this .Bome flake powders are m;\de with ridges 
of knobs. Finally, the powder must contain litde or no 
volatile matter that can evaporate during storage and 
thereby alter the composition of the'fejiplosive, and il should 
not be affected by climatic coxiditions, c.g. must^not be 
subject to freezing. ' ^ ■ 

(2) Stability . — This is very necessary in th^ case of 
military powders which may be kept in storage fo; many 
years before use. The most stable powders are ^usually 
those which are least porus, as porosity frequently leads to 
instability through oxidation. They are also less hygroscopic 
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(3) Absence of Fouling . — The powder mtist produce a 
minimum of fouling, and this should be of such a nature 
that it is easily removed. The products of combustion 
should contain no substance capable of corroding the barrel. 

(\)* Ah^nce of SmSke . — This can only be achieved by 
powders which on combustion give only products which 
are gaseous at the ordinary temperature. All powders 
produce water on combustion, and in very cold weather 
this is sometimes condensed to a mist. Any powder con- 
taining a nitrate produces more or less smoke owing to 
solid matter, as ammonium nitrate is the only nitrate giving 
gaseous decomposition products, and this cannot be used 
owing to its deliquescent nature. 

(5) Absence of Fume . — The products of combustion ^ 
should not contain any poisonous gas. Carbon monoxide 
is almost always present, but is not dangerous under the 
conditions under which propellants are used. The muzzle 
gases of propellants containing nitroglycerine, however, 
frequently contain a certain amount of this compound, and* 
in consequence give rise to “gun headachy." This is 
particularly the cast; with heavy ordnance. 

(6) Absence of Erosion . — Erosion is due to two causes, 
viz. the scouring action of solid particles and the tempera- 
ture attained by ftie interior surface of the arm. The 
erosion caused by blacK; powder is due almost solely to the 
scouring effect of tlie solid products of combustion, whereas 
in the case of •modern smokeless powders erosion is due 
to the surface pf the metal being fused ^id then washed 
away by the outrush of the gases, and consequently to 
avoid erosion the temperature of combustion must be kept 
down. 

(7) Absence of Back-fFmh. — Back-flash is due to the 
products of combi^stion being rich in carbon monoxide and 
this firing when the breach is opened. It iif especially 
dangerous miartiilery, and many accidents have been caused 
by its firing otfier charges^lying in the turret. It can only 
be avoided by usuig a powder contaimng sufficient Qxygan * 
to burn all the carbon to carbon dioxide. 
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Absence oj Flash. — Flash is objected to in military 
explosives, as it reveals the position of the gun when night 
firing is taking place. It can be remedied ty the addition 
of neutral salts, but^ these produce smoke which is objection- 
able by day. „ ' • 

(9) High Power and Density.— ^he greater the power of 
an explosive, the less is the weigh1^ required to produce a 
given effect. This is important from a military poiht of 
view, as it saves transport and iteans less weight for the 
soldier to carry. A high density means that less room is 
required for storage, and is specially desirable for naval 
purposes where magazine accommodation is limited. 

(10) Insensitiveness to This is also more important 

^ for military than for sporting purposes. For use under 

service conditions a high degree of insensitiveness is very 
desirable, as the explosive should not explode when struck, 
for example^ by a rifle bullet. 

(11) Quickness.— powder should not show any 

tendency to hang fire when fired with a suitable cap and 
primer. , » 

Smokeless propellants for rifled apis can be divided 
into two classes, viz. those consisting of nitroglycerine and 
nitrocellulose with or without the addition of small* quantities 
of other materials to act as stabilizers or deterrents, and 
nitrocellulose powders, containing no nitroglycerine, but 
consisting of nitrocellulose with or without the addition 
of stabilizers, deterrents, or nitrates. Although both 
^classes contain nitrocellulose, the latter are Renown as nitro- 
cellulose powders and the former as nitroglycerine*\iowders. 
The stabilizers are compounds which are capable of taking 
up the products of decomposition® a:iid thus maintaining 
the powder in' a state of neutrality and preventing auto- 
catalysis. For this purpose magnesium carbonate or chalk 
is sometimes used, especially for stabilizing nitrocellulose, 
the latter usually being applied by using . hard water 
during the boiling process (p. 50). Of organic compounds, 
camplior was used at one time, but it is abjectionable, as it 
is volatile, and hence powders made with cgmphor are liable 
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to give irregular ballistics after keeping. It is now almost 
wholly replaced by diphenylamine or mineral jelly (cilide 
vaseline) although other substances have been proposed, 
such as diphenyiurea, urea, etc. 

Botii nitroglycerine Sind nitrocellulose powders consist of 
colloidal masses of gelatinized nitrocelltjose which have been 
pressed into ribbons, co’-ds, tubes o*r sheet, these being fre- 
quently subsequently cut into flakes when intended for use 
with small arms. A very lively controversy has arisen as to 
the relative merits of the two classes of powders, and the 
question cannot be said to be settled. Against nitroglycerine 
propellants Jt has been urged that the fumes of unburnt 
nitroglycerine cause severe headache, especially in the case 
of heavy ordnance, that they are liable to freeze at low tem- 
peratures and that the high temperature of explosion causes 
excessive erosion of, the gun barrel. In connection with this 
latter point Vicille carried out quantitative experiments by 
firing charges in a closed cylinder from which the only escape 
for the gases was through a hole i mm. in diameter in a • 
movable plug- The plug was weighed before and after 
each shot, and the l^ss in weight taken as a measure of the 
erosion. He found that ’Cordite had a much greater erosive 
effect th-i'^ Poudre B (a nitrocellulose propellant), and 
experiments carried'out by Sir Alfred Nobel with special 
Cordites containing from 10 to 60 per cent, of nitro- 
glycerine showed that witlun these limits the erosion in- 
creased by som* 600 per cent. On the other hand, it has 
been stated thaj the erosion caused by Cordite M.D., which 
contains iliuch less nitroglycerine than Cordite Mark I., is 
only slightlj^if any, greater than thsPt caused by the average 
nitrocelllilose powder 

In favour of nitroglycifine powders, it Las been urged 
that they are* cheaper to make, give more regular ballistics, 
and are less liable ’to produce back-flash than nkrocellulose 
powders. '!-'hey keep very well, are not liable to become 
p( 5 rous„an& the solvent can be almost completely expelled, 
whereas nitrocellulose powders are liable to become degel^- 
tinized and porous, and it is almost impossible to expel the 
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solvent by dfying for any reasonable time, and hence it is 
usiially necessary to leave from 2-4 per cent, in the explosive. 
This gradually evaporates on keeping, and Us loss naturally 
alters the ballistics. Nitroglycerine propellants are also 
more powerful and dense than nitrocellulose powders, so 
that somewhat -less transport and storage space are required 
for them, great advantages from a piilitary point of view. 

It is notable that Great Britain and Italy are the only 
two first-class Powers- that rely on nitrogly cerine powders 
for all classes of arms both military and naval. The other 
Powers either use nitrocellulose powders exclusively, c.g. 
Phance, Russia, and the United vStates, or use nitrocellulose 
propellants for some arms and nitroglycerine propellants for 
others, c.g. Germany. As the best test of a propellant is 
i^-s prolonged trial under use, the war should furnish interesting 
data as to the relative merits of the tw^ classes of powders. 


Nitroglycerine Proi^ellants 

The first propellant of this class was discovered by Nobel 
in 1887 and named Ballistite. It was manufactured 
originally by incorporating collodion cotton with nitro- 
glycerine in the presence of benzole, buf the method was 
soon changed, as it was found that incorporation could be 
carried out by agitating nitroglycerine with collodion 
cotton in the presence of hot water, agitation being effected 
by means of compressed air. The dough, tlius formed. is 
then rolled between rollers heated at 5o°-6o° C. until a 
completely homogeneous and colloidal sheet is*obtained, 
which is finally cut into flakes and usually coated with 
graphite. The Ballistite thus ob+aiiued contains on the 
average equal '^weights of nitroglycerine and nitrocellulose, 
and usually a few tenths of a per cent^ o,f diphehylamine 
to act as ,a stabilizer. Owing to the high temperature of 
explosion Ballistite causes severe erosion, and has now been 
largely displaced by Cordite and similar explosives containing 
less nitroglycerine. 

Cordite.— Cordite was introduced as the British Service 
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propellant in 1889, and originally consisted of nitroglycjrine, 
guncotton, and mineral jelly (crude vaseline) in the following 
proportions 

Nitroglycerine . . 58 

* Quncotton . . 37 

Mineral jelly .. ^ f, • 3 

In spite of the cooling action of the mineral jelly, however, 
the t^rosion caused to the guns was so severe that the com- 
position had to be modified. The Cordite in use at present 
has the composition — 


Nitroglycerine 30 

Guncotton 63 

Mineral jelly 3 

and is known as Cordite M.D. to distinguish it from the. 
original Cordite (Cordite Mark I.), which is stiU used xor 


some purposes. « 


The guncotton used in the manufacture of Cordite is 
usually manufactured from cotton waste by the displace- 
ment process and contains 13 per cent, of nitrogen, and 85* 
per cent, i^ insoluble in alcohol-ether. The mineral jelly 
must not flash belc^w 400° Fahr. (204-5° C.) and must not 
melt completely below 30° C. It must be free from acidity 
and minefal impurities and its specific gravity at 38° C^ 
should not be less fiian ‘87. 

The manufacture ot Cordite is carried out in this country 
as follows, other nitroglycerine* propellants being made b}'- 
very similar methods. The guncotton, after drying and 
subsequent cooking, is weighed out in the ^toves into india- 
rubber uhgs holding about 25 lbs. each, lead weights covered 
with leather or rubber being useef. These bags are then 
carried to the nitroglycerine department, and the required 
of nitroglycerine iflcasured off and poured into each 
bag. The nitroglycerine can be measured out either in 
fixed lea'd measuring vessels or in movable ^utta-percha 
,.4 fie tag 5 ' ?re tfien taken to tfie fiand-mixing fiouse, 
^i’liere J:he consents are ejnptied out and infixed by hand, 
being finally rubbed gently through a^-in. mesli sieve ink) 
other bags. T^iese “hand mixings” are much safer than 
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litr^glycerine or guncotton alone, and most factories keep 
1 small stock of cordite paste in this form so as to facilitate 
•egular work. The next process consists in incorporating 
:he paste with a mu{,ual solvent so as to gelatinize the nitro- 
:ellulose. Acetone has been found most suitable fo^ this 
)urpose and is always^used, although at an emergency ether- 
Ucohol could be substituted, and this has' been done to a 
considerable extent during the war. The incorporatibn is 
carried out in kneading machines of the Werner-Pfleiderer 
type (Fig. 15) and takes seven hours. The average charge 
per machine is 150-250 lbs., and before adding the paste 
the interior of the machine is moistened with acetone. The 
paste and the rest of the acetone is then added and the 
machine set in motion, the mineral jelly being added when 
the incorporation is half finished, viz. at the end of 2I hours. 
The stiff dough heats up somewhat during mixing, but the 
temperature is not allowed to exceed 40® C. and is controlled 
by the water jacket with which the mixer is provided. 
To prevent undue loss of acetone a light wooden cover is 
placed over the machine. The belts of the machines are 
liable to become strongly electrified, ^and ensuing sparks 
may cause an acetone vapour explosion. To remedy this 
the machines are earthed and the belts dressed with a mixture 
of glycerine and water. 

When incorporation is complete the , charge is placed in 
bags and removed to the press house, where it is ^filled into 
gun-metal cylinders, usually being jmeked tight by a 
hydraulic ram, and then prcssed*through a d,ie in a hydraulic 
press into cords (hence the name “Cordite") of various 
sizes or into tubes, a 100- mesh gun-metal gauze being placed 
above the die ^to filter out foreign 'mhtter. Pressing into 
tubes is effected by means of a die with a pin jn the centre, 
but when small sizes are being pressed considerable trouble 
is experienied through a partial vacuum being fo'rmed and 
consequent collapse of the tube. This c^fi be avoided by 
using a hollow pin with comm\inication tp the outer air 
(F).P. €7,700!®). 

The diameter of the .cord depends on. the size of the 
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gur^ for whic^ the Cordite is wanted. The largest size 
pressed is approximately *5 of an inch in diameter, but all 
Cordite is pressed through a die two or thrive hundredths of 
an inch larger thj^n the desired diameter of the finished 
article so as to allow for <^hrinkage during drying. The 
smaller sizes of CordCte ^re reeled on to drums as the cords 
issue from the press, but the largei. sizes ure laid out on a 
table and then cut to the required length. Drying is cficcted 
in stoves heated to 40'' C. and takes from a few days to 
two or three months, the time depending on the diameter 
of the cords, but Cordite Mark I. dries considerably 
quicker than Cordite M.D. < 

After drying is complete, different batches of Cordite 
are blended in order to assure a product with regular ballistic 
properties. With the smaller sizes which arc on reels, such 
as rifle Cordite, this is very simply ^one by re- winding 
several reds simultaneously on to a single drum. The 
worker carrying out this process should be carefully earthed, 
as the dry Cordite passing through his hands becomes 
strongly electrified. The bigger sizes are bleinjed by laying 
the boxes containing the different batqjies in a row and then 
repacking by transferring a handful from each into a different 
- box. The weight per linear inch is usually relied on as a 
guide for making up blends. Before blending the sticks 
are carefully picked over by hand, and ^^ny which are badly 
distorted or contain specks of foreign matter thrown out. 
^ The^e specks are chiefly due to brass dust formed by sliding 
the cylinders qyer brass guides in the pre§s house, and are 
difiicult to avoid. Such sticks as are rejected in the packing 
house are re-worked after being incorporated again with 
acetone. t c. 

The various sizes of Cordite used by the British Government 
are denoted by a fraction, the ^lunieratchr ef which denotes 


the diamdeer in hundredths of an^inch and the denominator 
the length of the sticks in inches. For ex?mple^ size || 
means that the sticks are '45 in^in diameter and 25jin. long. 
« Cordite forms a‘ horny mass of brownish-yellow colour. 
The smaller sizes are pexible, but the. forger sizes break 
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easily if bent. Cordite Mark I. is mucli more flexible than 
Cordite M.D. It is very insensitive to shock, and when 
not strongly confined burns fiercely, but does not explode. 
The cost of manufactu 'vtig Cordite during the period January 
—June, 1918, was about £22^ per short (?) ton {C.T.J., 1919, 
p. 189). . • 

In the manufacturt* of Cordite 56 lbs. of acetone are 
required for every 100 lbs. of guncotton, and for the sake of 
economy it is necessary to recover this as far as possible, 
by suitably treating the air exhausted from the drying 
. stoves. According to one process the acetone-laden air 
is forced through water contained in a series of closed 
jars arranged in the form of a cascade, the water and air 
flowing in contrary directions. By this means the air 
is robbed of its acetone, and this latter can be recovered 
by distilling the ivater with a suitable Column. The 
process in most general use, however, takes advantage 
of the fact that acetone forms an addition compound with 

OH 

sodium bisul;ghite, the formula of which is (CH3)2 C<^q 

The recovery by this* process is carried out by passing the 
air from the stoves up lead-lined towers which are packed 
with frames* on which strands of wool are woven in a criss- 
cross pattern (E.P. 25,994®^). Simultaneously a strong 
solution of sodium bisulphite is allowed to trickle dowm the 
towers, the tgwers being usually connected in series, and 
the liquor from the bottom of one pumped to the top of the . 
next. By this njeans the liquor and air ai^ brought into 
contact with one another on the counter-current system 
and very complete scrubbing is effec?ed. After circulating 
through the towers the liquor is distilled, ajittle sodium 
carbonat^bein^ first added, find the acetone thus recovered 
purified by fractioimtion. 

In all recovery' proces.^s there are two dangers to be 
.guarded «ag4^n«t. pne is that fire from one stove may be 
transmitted to other stoves ^irough the gipe line connecting 
them with the recovery plant. This can be guarded against 
by inserting fine^wjre gauzes in the pipes, these acting on 
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tha same principle as the Davy safety lamp. It is also 
advisable to make some sections of the pipe of very flimsy 
construction, so that they would be broker; by an explosion 
wave. The second danger is that Cpfdite gives off consider- 
able quantities of nitroglycerine during dryings, especially 
during the later stdges-, and this is apt to condense and 
accumulate in the pipes. To avoid* this, dll pipe lines must 
be constructed with a fall to one or more ppints at each of 
which a catch box is placed from which any accumulation 
of nitroglycerine can be drawn off safely and conveniently. 
Some firms make a point of keeping a little paraffin oil of 
medium consistency (such as medium machinery oil) in 
these catch boxes, as this has a great effect hi moderating 
the explosive properties of nitroglycerine. 

The amount of solvent given off during the later stages 
of drying largfe size Cordite, especially" Cordite M.D., is so 
small that fit does not pay to recover it. Hence it is usual 
to transfer these larger sizes to non-recovery stoves after 
they have lost the greater part of their solvent. 

The following gives the name, composition/ and physical 
form of the nitroglycerine propellaij-ts used for military 
purposes by European Powers. The other Powers use 
nitrocellulose propellants : — , ’ 


Country. 

Propellant. 

N.G. 

N.C. 

M.J. 

^oxm. 

Gt. Britain 

Cordite Mark I. 

58 

37 

5 

jCordsf 1 

•« 

M.D. II. 

30 

^5 

5 

(Tube*- 1 

ttaly 

Filitc 

50 

50 

— 

Cords 

If 

Solenitc , 

33 

O4 

3 


Germany 

Wiirfclpulver 

5« 


— 

Cubes 


Rohrenpulver 

33 

(>4 


Tubes 



Remarks. 


N.C. has 13 %’n. 

I %th*NH. 

N.C. 12-5 7oN. 
Contains PhjNH. 


Cordite is very largely us^d for spprting rifles, and in 


addition t)ne or two nitroglycerine propellants** are manu- 
factured in this country for sporting pLrpq^es. Of these 
Axite and Moddite are the best known. The {ormel is 
e practically Cordite'M.D. to which 2 pei; cent, of potassium 
nitrate has been added. The latter contains rather more 
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nitroglycerine, and Marshall (“ Explosives ") gives the rtsult 
of an analysis as follows 


Nitroglycerine 

387 

Nitrocellulofe.'^;^ 

56*8 

Mineral jelly 

4‘3 

Volatile . . 

... ... • -2 


.. NitroceIvI.ui,ose Propellants 

These all consist of collodion (Cotton gelatinized and 
rendered colloidal by the use of solvents and then pressed 
into cords, tubes, or ribbons in much the same way as Cordite. 
Gelatinizatipn can be carried out with acetone, but the 
colloid thus obtained is very brittle and becomes more so 
on keei)ing, so that ether-alcohol is nearly always used. As 
this does not gelatinize nitrocellulose of high nitrogen 
content, it is very ^esirable to use a collodion cotton which 
is almost completely soluble in ether-alcohol, as otherwise 
ungelatinized fibres will render the resulting colloid porous. 
Porosity is usually accompanied by instability as oxidation ' 
takes place, and by irregular ballistics and excessive pressures 
due to combustion ^spreading through the body of the 
powder and not remaining confined to the surface. 

Nitrocellulose propellants for rifled arms usually contain 
nothing but nitroceflulose, together with a small amount of 
stabilizers and a sli|;ht percentage of solvent which cannot 
be removed in any reasonable 1;inie in the drying stoves. 
More rarely thty contain a little potassium nitrate, but 
propellants containing nitrates are more usgd for shot guns 
than fOi''‘ rifled arms, and as they are manufactured by 
somewhat different methods they wiH be treated separately. 
As gelatinization is almost invariably brought about by 
alcohol-ether, the somewhV dangerous process of drying 
the niti^celluTose ^n be avoided, the water being displaced 
by alcohoVas described on page 52. • 

Almost ajl countries have adopted nitrocellulose pro- 
jjrflants.fof militar>’ purposes, and the manufacture of the 
United States lAilitary Powder serves 5 s a general dascrip-* 
tion of the methods employed. 
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U.S. Military Powder.— The nitrocellulose is prepared 
from cotton waste either by the displacement process or 
in nitration centrifuges, and contains 127 per cent, of nitrogen. 
It is almost completely soluble ii] j alcohol-ether, and is 
pulped, washed, and whizzed in the ordinary w;ay. 'Forty 
pounds of the wet pulp, which contains 30 per cent, of 
water, are then packed into a cylhider £ind treated with 
alcohol. At first no pressure is applied and the runnings 
are almost pure water, but after rather more than half a 
gallon of water has run out pressure at 200 lbs, per square 
inch, and finally at 3500 lbs. per square inch, is applied. The 
block or “ cheese ” thus obtained weighs some 38 lbs. 
and contains— 

Nitrocellulose 73 per cent. 

Alcohol 23 

Water ^4 ,, 

The blocks *are roughly broken up by wooden mallets and 
the disintegration completed by running them in a Werner 
and Pfleiderer mixing machine (Fig. 15, p. 75) for a quarter 
of an hour. Each machine takes a charge of three blocks, 
corresponding to 42 lbs. of pure nitrocellulose. After 
disintegration is complete 48 J lbs. of ether, in which 6 oz. 
of dip heny famine has been dissolved, aie addM to each 
machine and incorporation carried on for 45 minutes. The 
charge is then transferred to hydraulic presses and sub- 
mitted to a pressurxi of 3500 lbs. per square inch, whereby 
4t is converted into elastic horny blocks Weighing about 
40 lbs. each, but no solvent is squeezed out/iuring the com- 
pfession. To get rid of foreign matter, such as wood chips 
and hard nodules, the colloid is next filtered through a 
30-mesh gauze resting on a heav^ steel plate perforated 
with Filtration is brought about by applying 

a pressure of 3500 lbs. per square inch, and the powder issues 
in the form of cords. These are again pressed into a block 
at 3500 lbs. per square inch and this block then squirted 
into multitubular cords in a hydraulic press, the cords 
'having different diameters and a different number of perfora- 
tions (from I to 7) , according to the purpose for which the 
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powder is required? These multi tubular cord^ are imm^i- 
ately cut up into short lengths by means of revolving knives 
and dried in stotes. 

During the squirting of the cords a gn^at deal of heat is 
evolved*, so that water-cooled di^s must be used. It is not 
advisable, however, to carry this cooling too far, as the 
cutting knives work best at 30° C. 

After squirting and cutting the powder contains about 
48 per cent, of solvent, rather more than half of which is 
ether. Owing to its volatility and to the fact that it does 
not form addition compounds easily, ether is much more 
difficult to recover than acetone, and not more than 40 per 
cent, can be ^recovered economically, and this only by 
using condensers served with chilled brine. The tempera- 
ture of the condensers, however, must not be reduced totf 
far, or the water vapour which comes over simultaneously 
may be frozen and so cause a stoppage. The ethes recovered 
is mixed with a good deal of alcohol, and is best returned 
to the ether factory. The iinished powder contains from 
3 to 7 per cent, of solvent, depending on the size. 

Poudre B. — This js the French military powder, and is 
made from a mixture of lolublc and insoluble nitrocellulose 
gelatinized with ether-alcohol to which some diphenylamine 
and amyl alcohol ha\^ been added. The latter is used as 
it is left in the finished explosive, and is less volatile than 
alcohol or ether. After incorporation the mass is worked 
between rollers Si^yo^ C., and the rolled sheets either cqt up 
in strips or flake| or squirted through a di^ into ribands. 
It i^then 'dried at 50° C., and hually frequently washed with 
water to reduce the amount of solvent. 

The powder is decidedly porous, and several disastrous 
explosions have been attrifi*ited to its spontaneous com- 
bustion, the most«ii#table of which were the total destruc- 
tion of twot)attleships, the^Iena in 1907 and the liberie in 
0^911. . 



82 


EXPLOSIVES 


( ( 


Shot-gun Smokeuess Propeeeants 

Much quicker burning powders are necessary for use with 
shot guns than with rifled arms, an(J in order to produce a 
good pattern, i.c, in ordet that the shot may. not spread 
unduly, comparatively, little pressure must be present at 
the moment that the charge leaves ’the muzzle. 

Almost all shot-gun smokeless propellants are Uitro- 
cellulose powders to which as a rule a certain amount of 
barium or potassium nitrate has been added, and they may 
be roughly divided into two classes, viz. condensed powders 
and bulk powders. The former arc completel^y gelatinized 
powders and arc made by methods very similar to those 
used for rifle propellants, the necessary increased rate of 
combustion being attained by forming them into thin flakes 
or small grams. Munroe describes the manufacture as 
being carried out in the United States as follows 

Finely pulped wet nitrocellulose is mechanically agitated 
with water containing 5 per cent, of barium nitrate and 2 
per cent, of potassium nitrate in a vertical jacketed pan. 
An emulsion of amyl acetate and wa;fer containing barium 
and potassium nitrate is then added, and granulation allowed 
" to take place at the ordinary temperature for a few minutes, 
after which steam is turned into the jacket and agitation 
and heating continued for 5-6 hours, during which time 
most of the amyl acetate and some water distil off and are 
* condensed. The contents of the vessel are then run out 
and the grains^ dried and sieved, oversized and undersized 
grains being added to the next charge in the proportion 
of 250 lbs. of waste to '450 lbs. of fresh nitrocellulose. 

Another American sporting powder, Indurite, is made 
from guncotton, the soluble portion being first extracted 
with methyl alcohol and the residue thrm gelatinized with 
nitrobenzble, this latter being finally removed by treatment 
with hot water. * ^ 

One of the great disadvantages of condensed powders 
“lies in the fact tha^ owing to tiieir small bulk they require 
special cartridge cases. Also in loading cartridges the 
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powder is always mi asured out, and consequently the higher 
the density of the powder the greater is the error in weigTit 
due to slight differences in volume. For this reason “ bulk 
powders are usually preferred to the condensed powders. 
These are composed of grains of nitrocellulose, with or 
without the addition of small quantities pf other substances, 
the grains being gelatiii'.zed on the surface. Such bulk 
powders are known as 42-grain and 33-grain powders, 
meaning that tne charge for a 12-boie gun is 42 and 33 
grains respectively, and that the volume occupied by this 
amount is the same as that of the standard black powder 
charge, viz. 3 drams. Thirty-grain powders are also made, 
but in these g^latinization is almost complete, so that they 
are more in the nature of condensed powders. 

Most shot-gun powders contain barium and/or potassium, 
nitrate, and in many^cases it is found best to ^incorporate a 
much greater quantity than is desired in the finished powder, 
the excess being subsequently removed by dissolving out 
with water. This yields a more bulky powder, and facilitates 
the production of one having a correct weight for a given 
volume. 

The nitrocellulose used*for shot-gun powders usually con- 
tains from 12 '0 to 12*8 per cent, of nitrogen, but the nitrogen 
content of nitroliguite powders is frequently lower than this. 

The first process in manufacturing bulk powders is 
graining the nitrocclfulose. This •can be done in several 
ways, such as grinding in edge runners while wet or in ball 
mills, the balls being made of lignum vita:. During this 
process the other ingredients, such as nitrates, are added, 
and the incorporating continued unttt mixing is complete 
and the gi*ains are judged to be suitable for the class of 
powder desired. They are ^en roughly sifted and dried 
in stoves at a* lew® temperature. After drying they are 
again sifted* to remove dust and then gelatinized on the 
surface. This [s ejected in revolving drums provided with 
rid,^ s so ^s to keep the powder in motion. The solvent 
is generally spra)Td m, as if aSded in bulk*it does not beegme . 
evenly distributed, with the result that some of the grains 



EXPLOSIVES 


^4 


{ 


re^iain ungefatinized, while others berome overgelatinized 
and may adhere together and form lumps. After spraying 
and thorough mixing so as to ensure evc^i distribution of 
the solvent, the grains are allowed steep for a few hours 
and then dried. The drying is Ijest carried out in two 
stages, as during the later stages the amount of solvent 
given off is so small that it is nOt worth recovering. In 
order to recover as much solvent as possible, the lirSt part 
of the drying is cartied out in revolving drums in vacuo, 
the vacuum pump being connected with the hollow spindle 
of the drum through a copper coil condenser cooled with 
chilled brine. A fine gauze is interposed betw/^en the drum 
and the condenser in order to prevent dust* being carried 
over mechanically. In order to guard against pressure 
being set up in the drum through the condenser becoming 
frozen or the cdust filter choked, the gover of the charging 
hole is held in position by the vacuum only, so that should 
the vacuum fail it falls off and at once releases any pressure. 
After as much as possible of the solvent has been recovered, 
the powder is removed to stoves and the dr}dng completed 
by spreading it in thin layers on shallow trays, no attempt 
being made to recover solvent, as it is given off too slowly. 

■ When drying is complete the powder is again sifted to 
remove oversized and undersized grains and then allowed 
to age for about six weeks. The ageing period is necessary 
in order that the powder may take up a certain amount of 
^ moisfure from the atmosphere, and reach the state in which 
it will be used The ballisticproperties of each batch are 
then tested, and the various batches carefully bletfded ^ as 
to produce a powder wfth standard properties. This blending 
is most essential if different lots oi the same powder are to 
produce the same effect in use.r The production of 30-grain 
powders involves the use of nitrocellulosie -wifli a high nitro- 
gen coiiteht in order that the smaller weight of powder may 
produce the same power, and to reduce the r,ate of burning 
gelatinization must be complete. At the saiiiev^JLime *the 
obulk. of the powder must be maintained in order that a 
30-grain charge may occupy the standard volume of 3 drams. 
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This is effected by incorporating the nitrocellulose with 
several times its weight of barium or potassium nitrate, 
and then drying and gelatinizing freely. The dough is 
then pressed in much the same way as a tondensed powder, 
and after diiying the nitrate is almost completely removed 
by treatment with w'arm water. The s^me method is used 
in making 33-graiii po\*'ders. although the gelatinization is 
not so complete 

As regards the solvents used in preparing bulk powders, 
acetone alone is not very suitable, as it produces a brittle 
colloid. It is, however, used sometimes in conjunction 
with alcohol. Alcohol-ether mixture gives excellent results, 
but is very difficult to recover. Ethyl acetate and amyl 
acetate are both used to a large extent either alone or in 
conjunction with other solvents, and the use of benzole has 
also been proposed.# Sometimes an aromatic nitrohydro- 
carbon, such as dinitrobenzole or dinitrotoluol or trinitrotoluol, 
is added to the solvent in order to assist the gelatinization. 
Such compounds naturally remain in the powder, and con- 
sequently wheu used sufficient nitrate for their combustion 
must be added. A carta^i amount of an organic dyestuff, 
such as aurine, is also generally added to the solvent in 
order to improve the appearance of the powder. In some 
cases also a solution of collodion is added, so as to varnish 
the outsides of the •grains. Thig makes them somewhat 
less liable to t^ke up moisture, and at the same time slows 
down the rate of combustion. This latter is also effected by 
glJbj^ing the linished powder by rumbling with a»little graphite. 
The Table on page 86 shows the comj^osition of a few well- 
known sporting powders manufactured in this country. 

Of the 33-grain powders, ^mokeless Diamond is probably 
the most^used ^n this countrf^. It chiefly consists of nitro- 
cellulose and bariuifi nitrate,'' the grain being glazed with 
graphite. * • 

Schultze Powder, which was one of the earliest smokeless 
shot gun ffropellants, is a niiro-lignine powder and is made 
from wood. The wood is first carefully purified to free it 
as far as possible from pectose and non-cellulosic substances 
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a<id then nitrated. After washing .‘"^the nitro-lignine is 
impregnated with barium nitrate, and the grains then gela- 
tinized on the surface and hardened by spraying with ethyl- 
alcohol or other suitable solvent Schultze Powder has 
always been a favourite with sportsmen for .use with the 
shot gun, but' up \o the present nitro-lignine has not been 
found suitable for use with rilled artiis. Probably the 
German Government has evolved some method of rendering 
it suitable, as the Allied blockade cut off the supply of cotton. 
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Schultze cube Powder is a 30'grain fully gelatinized 
powder, and is probably derived from cotton or wood pulp. 
In France, where the nwnufacture ot explosives is a State 
monopoly, the following sporting powders, are provided : — 


e 

Poudre S. 

Poudre J. 

Poudr^,M. 

Po^’ .re T, 

i, 

N.C 

95 

83 

‘ 

100 

Ba(N03)3 

20 

,1 t — 

20 

— 

KNO, 

H) 

— 

5 



AmjCrjO, 

t 

M ^ 


— 

KjCrjO, 

■» - 



„ 

Camphor 



o 3 


G6I0SC 1 



I 

— 

Number of grains per gram . . ' 
Charge for 16-calibre gun with 

1000 

1 250-3(90 j 

, 3509 

2500 

30 grams No, 6 shot . . ! 

2 ' 4 c 

2*8 . 

2-ft- 

1*9 

Density . . \ 

*500 1 

•;50 ! 

■475 

•595 

Mean pressure, Kg. per cm.®. . 

445 

350 

; 500 

470 
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Poudre T bis it very similar to Poudre T*but is rather 
quicker. 

Poudre S is made by mixing the ingredients wet under 
light edge runners and then drying and incorporating with 
ethyl-aicohol, the dough being formed into grains by passing 
it through a sieve. It produces a great ^eal of fouling. 

Poudre J is mpde bj incorporating the nitrocellulose with 
ether-alcohol and v'^ry finely ground bichromates and then 
rolling out. 

Poudre M is made in much the same way as Poudre S, 
but the grains receive a final treatment with ether-alcohol 
in which camphor and collodion are dissolved. It is a powder 
which is apt to develop excessive pressures. 

Poudre T contains no nitrate or bichromate, and the 
gelatinization is brought about by a mixture of ethyl acetate 
and acetone. 

« • 

Of the Belgian sporting powders, Mullerite, which contains 
no mineral salts, and Clermonite, which is a mixture of nitro- 
cellulose and barium and potassium nitrate, are the best knowni 

Several German powders have acquired a good reputa- 
tion. Among them^may be mentioned Fasan and Tiger, 
which are roughly 42-grafti powders ; Rothweil and Walsrode, 
33-grain powders ; and Saxonia and Adler-Marke, 30-grain , 
powders. They are^ade in much the same way as the 
corresponding British powders. Walsrode is gelatinized with 
ethyl acetate. ' • 

• 

Aliphatic Solvents 

'^'The solvents used in the manufacture ol smokeless pro- 
pellants ar^ expensive and add considerably to the cost of 
manufacture. Alcohol up to the present has been obtained 
by the .fermentation of su^^rs or starches, mblasses, potato 
and maize bfog Ihe chief raw materials. Recently, how- 
ever, sawdust and the sulphite liquor obtained Us a waste 
product in tl^ Uianufacture of paper pulp has been used, as 
OL lydrgiysis with acids the cellulosic substances are broken 
down into fermentable sugars. Consideiuble difficulties^ have^^ 
been met with in carrying out the process on a commercial 
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sc^e, but thSse are ^?radual1y being ov/^rcome, and a good 
deal of attention is being paid to the subject in the United 
States. A purely synthetic process is also in course of 
development, aiid^ consists in converting acetylene into 
acetaldehyde and then reducing this to alcohol. ^ 

Ether has usually been manufactured by the action of 
sulphuric acid on alcohol, but prdoably the catalytic de- , 
hydration of alcohol will prove to be a/ess costly process in 
the future. 

Acetic acid, used for the manufacture of ethyl acetate 
and acetone, is usually obtained as a by-product in the 
carbonization of wood. Unfortunately coniferans woods are 
quite unsuited for the purj)osc, and even with hard woods 
the yield is very poor. Here again attempts are being made 
v.ith considerable success to introduce purely synthetic 
methods. In these the starting out substance is acetylene, 
which, when treated with sulphuric acid in the presence of 
mercuric sulphate, takes up water and i)asses into acetalde^ 
hyde, this being readily oxidized to acetic acid— 

CH CH^ CH3 ^ 

III I -> * I 

CH CHO COOH 

The process is an old one, but it is only during the last two 
or three years that any success has.been achieved, and it is 
still too early to predict to^what extent' the process is likely 
to come into general use. One of the grca.t doubles is the 
tendency of the aldehyde to jjolymerize the resinous sub- 
stances. ^ 

Acetone has generally been manufactured by the dry 
distillation of calcium acetate, this decomposing at 300° C. 
into the carbonate and acetone-t; 

(CH3CO)2Ca=CaCp3+(CH3joCO' 

Acetone, aN:companied by fusel oil, can, however, also be 
obtained by the fermentation of starch, hnd seaweed and , 
horse-chestnuts also appear suitable for the purpose. In 
«Great Britain a corhpany was floated in-' 1912 to work the 
process, the primary object, however, being to obtain the 
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fusel oil and froni it synthetic rubber. This latter pa^rt of 
the scheme does not seem to have been a success, but the 
company has produced acetone for war purposes. In the 
United States a large plant for the fern^ntation of seaweed 
has been put down by the Herculose Powder Company on 
the Pacific sea-board, potash being obtained amongst other 
things as a by-j^roduci:, and in Great Britain experimental 
work has been d^tie at Penzance in Cornwall. In these 
processes the residues, after the extraction of the valuable 
products, are burnt in gas producers and so furnish a large 
percentage of the heat required for running the works. 
Iodine and bromine are also recovered, but for this purpose 
the weed should be cut from the sea bottom at a considerable 
depth, as that washed up on to the shore is comparatively 
poor in these elements. 
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Section IV.-BLASTING EXPLOSIVES 

For blasting hard rock a powerful and brisant explosive 
is required, more especially in operations such as tunnelling, 
where it is not required to obtain the material in large 
pieces, and an explosive with high density is also desirable 
for this class of work, as the cost of making bore holes in 
hard material is very considerable. Softer minerals require 
a slower burning explosive, as otherwise they are shattered 
t6'o much and excessive amounts of dust are produced. 
For this reason -and on account of its cheapness, gunpowder 
is still extensively used for quarrying. For work in coal 
mines a mild explosive is required for coal getting in order 
that the material shall not be unduly shattered, and a more 
brisant explosive for ripping and clearing awaj stone. At 
the same time the explosive used miv^t not fire the mine 
gases nor cause a coal-dust explosion. Explosives for use 
'in fiery mines are known in this country as Permitted 
Explosives, and are treated in the next‘section. 

For use in wet situations a satisfactory blasting explosive 
should not be readily spoilt by water, althoug]|^ this trouble 
(j/in l^e largely got over by using waterproof wrappers. 
Finally, as blasting explosives are largely used by ignorant 
people, they should be as fool-proof as possible. Explosives 
containing nitroglycerine are liable to freeze, and in this 
state are difficult to detonate. Thev^eas a statutory obliga- 
tion to thaw out such explosives before use in a proper 
warming pan, but in spite of ’this accidents occur every 
year through miners thawing ouj: frozen explosives over a 
fire. The warming pans are very simple" in. construction 
and consist of felt-covered, double-walled l^in-plata vessels, 
•^he eKplosive being** placed in the inner* vessel and warm 
water in the annular space. By their use explosives can 
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be thawed in safety, but the process takes tfme, and torsome 
minds the temptaiion to thaw over a fire seems irresistible. 

Except ifi the case of very heavy charges, the danger 
from fumes is not gr^^at when surface blasting is carried on, 
but in liiiderground workings the case is different. The 
poisonous fumes that result from •the "detonation of an 
explosive include caroon monoxide, due in part to lack of 
oxygen and in pa^t to the paper wrapper. Eack of oxygen 
in the e;;plosive mixture can be remedied by the addition 
of more oxidizing agent, but it is not safe to remove the 
wrapper before inserting the cartridge into the bore hole. 
Metal foil jvrappers might be substituted for paper, but this 
would only be changing one evil for another, as the metallic 
oxide in itself would be objectionable unless aluminium or^ 
tinfoil were used. The only satisfactory safeguard would 
seem to lie in j^mple ventilation. Explosives containing 
barium or lead salts give off poisonous fumes due to the 
salts of these metals, and ammonium perchlorate explosives 
are very liable to evolve chlorine unless alkali nitrate is alscf 
present in. sufficient quantity to provide a base for the 
chlorine to unite with,^ Finally, explosives containing nitro- 
aromatic hydrocarbons may give off poisonous fumes of 
these if detonation is incomplete through insufficient oxygen 
or through the use of too weak a detonator. 

All composite blasting explosives consist of an oxidizing 
agent and cxidizable matter, any or none of which may be 
•explosives in themselves. In gunpowder, for example,, ^he 
X, sulphur and charcoal provide the combu«tible matter and 
tJj^ nitre the oxidizing agent, none of these being capable 
of explosion alone. Blasting Gelatine, on the other hand, 
consists* of nitrocellulose, as combustible matter and nitro- 
glycerine as an oxidizing agent, both these ingredients 
being capaole of exploding alone. An interniediate stage 
is repres'ented by Gelig4?ite, in which an explodable and 
a noprexplodable oxidizing agent (nitroglycerine and potas- 
•um irftrate) js used in, conjunction with explodable and* 
non-explodable combustible matter (nitrocellulose and 
wood meal). 
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The following list gives the chief oxidizing agents avail- 
able industrially, together with the maximum amount of 
available oxygen per loo grams : — 


N.G. 

3 ‘5 1 

KCIC3 .. 

•• 37 

KNO3 

40 

NaClOi . . 

•' 4.5 

NaNO, . : 

47 - ! 

KCIO4' .. 

.. 46 

AinNOi 

20 

NaCiO, . , 

• • 5 ^ 

Ba(NOJ.. 

30 

AniClO., 

■ • 27 

rb^NOj), 

24 (Pb( )) 

BaiClO,). 

3 ^ 

Pb(N03)‘ , . 

29 (Pb) , 




Of these it should be noted that nitrogl}'cerine, ammonium 
nitrate, and ammonium perchlorate are all capable of being 
exploded, although ammonium nitrate is onb' exploded 
with difficult)’. The chlorates are also capable of exploding, 
as they are endothermic compounds and one or two accidents 
have been due ta chlorate explosions. 

A large number of combustible matters is available, of 
which the following are the most important . — 

Nitrocellulose. 

Dinitrobenzole. 

Di- and tri-nitrotoluol. 

Mono- di- and tri-nitronaphthalene. 

Wood meal. 

Charcoal, 

To a lesser extent starch, flour, potato meal, and the 
like are also used, as they help the resulting mixture to bind 
tqgeth^^r. Castor oil enters into the composition of certain 
chlorate mixtures, as it renders them less sensitive to shock. 

nFinally, inert substances such as kiesselguhr, silica, nrita, 
etc., are used for absorbing nitroglycerine in some explosives 
such as Dynamite, and neutral salts sUoh as sodium chloride 
are used as “ coolers ” in Permitttd Explosives. 

Blasting explosives, other than black? powder, can be 
roughly divided into four classes,^ viz. ; (i) Dynamite and 
its Congeners ; (2) Gelatinized Explosives ; (3) Chlorate 
4 Mixtures ; (4) Ammonium Nitrate^ Explosives TheMivision 
« not a very sharp one, but is the most convenient method 
of classification, 
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Dynvmite and its Congeners 

When Nobul hrtit introduced nitroglycerine as a blasting 
explosive it was used ^n the liquid forn^ but was frequently 
transported in a frozen condition in order to minimize the 
danger. In spite of all precautions, however, numerous 
accidents occurred, sd' that the transport of nitroglycerine 
either in the liquiosor in the frozen state was soon forbidden. 
This caused Nobel to seek some iftactivc substance that 
would absorb the oil and render its conveyance and use 
safe without interfering with its explosive properties. He 
found kiess^lgulir, a form of siliceous earth found in Germany, 
Austria, Norway, Australia, and Scotland, to be most suitable, 
as good qualities will take up three times their weight of 
nitroglycerine and still remain dry ; but in his patent he atso 
claimed the use of other materials such ^ ground brick, 
dry plaster, etc. He named the explosive thus obtained 
Dynamite. 

Kiesselguhr, or guhr as it is usually called, varies very * 
much in qualit}', some samples being quite unsuited for 
Dynamite manufact^ire owing to their very poor absorptive 
power or high content* of sand. The content of organic 
matter is also very variable, running from 4-5 per cent, to' 
as high as 35 or qcf per cent, in the case of many of the 
Scotch deposits, ^u any case, the guhr requires to be 
thoroughly calcined before use* in order to burn this off, 
and must 'then*be sifted through a 3()-mesh sieve in, order 
to get rid of san(J. This latter process is absplutely essential, 
as grains of sand would give rise to undue friction when 
making up the cartridges and miglit well cause an explo- 
sion. After calcining othe guhr usually has^a pink colour 
due to oxide of iron, but^ome samples are almost white, 
and wfien thts is the case most manufacturers add a little 
red ochre 'in order that ^he finished Dynamite may have 
the characteiistic red-brown colour. 

* The ii^anufacture of Dynamite is carried out as follows : 
The guhr is weighed out after sieving into wooden ^)oxes 
or rubber bags and taken to the nitroglycerine department, 
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whei(2 the requisite quantity of nitroglycerine is measured 
out and added. The boxes or bags are /.hen carried to the 
mixing house, where they are emptied (-ut mto lead tanks 
and the contents thprouglily mixed. ^This can be done by 
hand by rubbing the loose Dynamite repeatedly through a 
coarse sieve (about 8 -mesh), or after a rough mixing by 
hand the loose Dynamite can be transferred to a Werner 
and Pfleiderer mixing machine (Fig. 15/p. 75) and mmng 
then completed mechanically. Th^ resulting powder should 
not feel moist, but at the same time it must not be too dry 
or it will not bind properly in the dynamite pumps and will 
not detonate easily in use. If too moist morp guhr can 
be added or from ’5 to i per cent, of barium sulphate can 
be mixed in, as this lowers the absorptive capacity of the 
guhr. If too dry more nitroglycerine must be added. 
With a little eypcricnce it is easy to judge whether the 
explosive is^of the right consistency or not. Dynamite 
mixing is an extremely unpleasant occupation for those 
not used to it, as the dusty explosive enters the mouth and 
nose and causes very severe headache. Those engaged 
continuously in the process as a rule gpt acclimatized, but 
when, as is often the case, the explosive is only manufactured 
'intermittently the workers suffer severely, even those who 
have been used to handling nitroglyderine jellies getting 
headache at first when put on to Dyhanpte. 

For converting the loose Dynamite into cartridges the 
Gj.ittnvmn dynamite pump (Fig. 16) is almost universally 
used. It consists of a plunger ^working ve;[tically between 
two loose guides, motion being imparted by a holizoatal 
lever. The end of the 'plunger is shod with lignum vitae 
and works in a brass tube of the oame diameter as the 
finished cartridge, plenty of clearance being allowed between 
the plunger and the brass tube so as Lo ai'oid friction. 
The upper end of the brass tube i^^ fixed into a biass block, 
usually covered with leather, to which is attached the lower 
end of a conical bag made of cloth or ligtt leather. The 
•upper^and wider end' of this bag is attached to a boss further 
up the plunger by means of three strings, so that at each 



BLASTING EXPLOSIVES 


95 


upward stroke of the plunger the bag gefs a jerk. #An 
inverted bell is fixid to the plunger just above the bag, so 
as to prevent exploi ive working up into the guides. 

In pumping cartridges the loose Dynamite is fed into 
the bag w^th a wooden scoop, and the plunger then worked 
up and down by hand. Each up^yard stroke jerks some of 
the powder into the brass tube, which the following down- 



ward stroke compresses inV) a more or less coherent mass 
which issues it th# lower end as a rod. This is broken off 
from time to time and wrapped in parchment paper. The 
most usual dimeters for fiynamite cartridges are J in. and 
it ancHliO most usual weight 2 oz. Ordinary Dynamite 
consisling of 75 pe^ cent, of nitroglycerfhe and 25 per <:ent 
of guhr, with the possible addition of small quantities of 



EXPLOSIVES 


95 

ochn for colouring, or a trace of calcium or magnesium 
carbonate to render it more stable, i^ known in Europe 
as Dynamite No. i to distinguish it frc*m tile less powerful 
Dynamites formerly made to some extent, viz. Dynamite 
No. 2 , consisting of 18 per ,cent. of nitroglycerine, 10 per 
cent, of carbon, 'and '72 per cent, of nitre ; and Dynamite 
No. 3, consisting of 37*5 per cent, of nih-oglycerine, 12 '5 
per cent, of guhr, and 25 per cent, cacb'^of wood meal and 
nitre. In the Unitccl States, however, guhr -Dynamite 
goes by the name of Giant Powder, the name Dynamite 
being reserved for mixtures of nitroglycerine, wood meal, 
and sodium nitrate. 

In France, in addition to guhr Dynamite, Dynamites 
, are also made from a mineral called randanite, composed 
or weathered felspar, with or without the addition of 
absorbent silica either from natural sources or manufactured 
by passing silicon fluoride into water. The Government 
factory at Vonges, for example, makes the following 
* grades - 


.N.G. 

Randanite 

Silica 

MgCOg 

CaCO, 

Ochre 

Slag 


No. 1. 

No. 2 . . 1 

No. 3 . 

Special. 

75 

! 


00 

20-8 

1 


I 

3-8 

48 ' 

<>5 

S 

*4 

_-V 1 

— 

I 


^'5 i 

I 

— 

- 

•5 


— 


i 

..4 



,In Spain mica is sometimes used as an absorbent,, the 
product containing 42 pt;r cent, of nitroglycerine. ^ 

Dynamite had a great vogue whaUf first introduced, but 
is comparatively little used ik^w as it has been largely 
replaced by gelatinized explosives, although Hhere is still 
a fair demand for it. It freezes more easily than nitro- 
glycerine,_^and in the frozen state is difficult, to detonate. 
I It is very brisant in nature, and has the ^gTeat dis- 
^advaivtage that in cfbntact with water the nitroglycerine is 
displaced. 
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In order to utilize the excess of oxygen present in nitro- 
glycerine many pow^iers have been made in which a com- 
bustible absorbent ha^5 been used in place of guhr. Charcoal 
made from cork has gre^t absorptive pow^r, and an explosive 
consisting of 90 per cent, of Jiitroglycerine and 10 per cent, 
of cork charcoal was manufacturc4 at •one lime under the 
name of Carbo-dynamite. It was too violent and expensive 
for most purposes, However, and wood meal is more usually 
employed. Atlas Powder for example, consists of nitro- 
glycerine 75 and wood meal 21 per cent., the balance being 
made up of chalk with or without the addition of a little 
sodium nitrate. 

These wood meal Dynamites are deficient in oxygen, and 
in order to supply this deficiency mtrates are added. This 
class of explosive has become extremely popular in thb 
United States, where many blasting explosjves are made 
consisting of varying quantities of nitroglycerine, wood 
■meal, and sodium or ammonium nitrate. Sodium nitrate is 
preferred to the potassium salt on account of its lower price, 
but it is decidedly hygroscopic, and ammonium nitrate is 
still more so, so that Jthese explosives readily take up water 
which in turn displaces tV nitroglycerine. For this reason 
they have never come into use in this country. 

The following table gives a few examples of American 
Straight Dynaniites,,but it must be borne in mind that the 
figures are onl^ average ones an(f considerable divergence is 
often met with 


— 

• 




_ 

Dyrmnuc. 

70 per cctil 

60 per cent. 

50 per cent 

40 per cent. 

1 30 per ccnH 

% 

N.G. .. ?. 

70 


50 

40 

i 30 

W.M. 

20 


M 

12^ 

' 10 

NaNOg 

7 

22^ 

35 

1 47 

1 59 

Na.CO, • ..j 

« • 



1 


MgCO, . j 

CaCo3 ..*) 

3 

1 



# I 




1 

i 



Of ‘"these 40 per cent, Bynamite is probably the most 
used, and is frequently known as Hercules Powder. 

T. ■ 7 
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fOther wclt-known 

class are— 

N.G 

VV.M. . . . . 

NaNOs . . 

KNO3 . / 

Guhr 

Carbonate 

An explosive of this class much used in South Africa is 
Ligd^ui, which has the composition — 

N.G 40 

W.M 13 

NaNOg 45 

Wheat flour 2 

As will be ^een, it is very similar in composition to the 
American 40 per cent. Dynamite or Hercules Powder. 

Similar mixtures are also used in the United States in 
which about half the nitroglycerine has been rei)laced by 
ammonium nitrate. These are known as Ammonia Dyna- 
mites, and are made in several grades, 40 per cent. Ammonia 
Dynamite, for exani])le, containing about 20 i)er cent, of 
nitroglycerine and the same amount of ammonium nitrate, 
the balance being made up of sodium nitrate and wood meal. 

Another favourite type of explosive used in America is 
a kind of crude gunpowder to which nitroglycerine has been 
^ded. The gunpowder base is composed* of jiulphur and 
sodium nitrate, and powdered coal is frequently substituted 
fgr charcoal. In some cases wood meal is added 4 o^ assist 
the absorption of the nitroglycerine. The following are 
typical examples of this class of explosive 


N.G.v 

Judson 
Powder. „ 

•• 5 

Vulcan 

Powdci. 

30 

stump 

PowuVjr. 

20 

Low 

Powder. 

5 

NaNOg . . 

.. 64 

. 52*5 


70 

S .. 

. . 16 

7 

Cf 

7 

Charcoal . . 

. . — 

10 

_L 

*'• — 

Coal 

' 15 

— 

. 20 

18 

W.M. 

.. — 

— 

5 

— • 


American blasting powders of this 


Carbonitc, 

S^ety Nitro. 

Stonite. 

• 25 

/ 7 of 

68 

• 40*5 

^ 12-6 

‘ 4 

34 

17*4 - 

— 



8 

. — 

X - 

20 


•5 



BLASTING EXPLOSIVES 


QQ 


Gei/ATinized Explosives 

111 1875 Nobel discovered that collodion cotton was 
capable of dissolving in nitroglycerine to form a jelly. This 
discovery, Vhich was of an accidentaj nature and due to 
Nobel having cut his linger and* closed the wound with 
collodion prior to his carrying out some experiments with 
nitroglycerine, has nad a very far-reaching effect on the 
explosives industry, as it must be regarded not only as the 
forerunner of all gelatinized blasting explosives, but also of 
the nitroglycerine propellants. 

Gelatinized explosives have several great advantages 
over Dynamite. In the first place they dispense with all 
inert ingredients, so that the whole of the explosive is of ufU 
active nature. Hence much more powerful^ explosives can 
be obtained, but at* the same time these are easier to dope 
down by the addition of wood meal and nitrates. The 
jellies are far less sensitive to moisture than Dynamite 
and can remain in contact with water for a reasonable 
time withouf the nitroglycerine being displaced, and at 
the same time they are Bess sensitive to shock. The labour 
involved in making them up into cartridges is much less 
than is the case with Dynamite and is also much safer, as 
the somewhat dangerous dynamite pump is not required. 

Up to the present all gelatiifized explosives have con- 
tained nitroglyberine, but jellies can also be obtained by 
warming collodion cotton with certain nitroaromatic hydro- 
carbojis - such as* the so-called liquid trinitrotoluol. Un- 
fortunately, these jellies are very difficult to detonate and 
are not very stiff, and so have not as yet found any applica- 
tion. Future research, however, may enable these dis- 
advantages betovercome and thus render possible a 
gelatinous txplosive containing no nitroglycerine. ^ 

In manufacturing gelatAous explosives the dry ^collodion 
*‘c(f on is*^igned out into bags and carried to the nitro- 
glycerine departm,ent, wh?re the reqfuisite quanti^ of 
nitroglycerine is measured out, poured on to the collodion. 
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and the whole mixed by hand. The ^hin liquid is then 
carried in gutta-percha buckets with light wooden lids to 
the mixing house, where it is transferr'id t(S water-jacketed 
lead tanks. The water in the jacket i.s kept at about ,50° C., 
but the temperature of the explosive should ,not exceed 
40°-45° C. Gelatinuation is alIowe|l to proceed for some 
hours, usually overnight, and the charge?- then transferred 
to a mixing machine ^ and mixed mcch,anicall}' for an hour, 
any dope, such as wood meal and potassium nitrate, being 
added at this point. The machines are best jacketed with 
warm water to prevent the jelly becoming too stiff, and are 
usually of the Werner and Pfleiderer type shown in Fig. 15, 



Fig. 17 — McRobcrts Type Incorpoiating Mucliinc (IM.in). 

p. 75. To avoid all chance of nitroglycerine entering the 
biasings, how^ever, the McRoberts mixer, shown diagramma- 
tically in Figs. <17 and 18, is sometimes preferred. In this 
esse the explosive mixing pan is carried on a platfdfm that 
can be lowered so that the mixing arms clear the top of the 
pan and allov^^ it to be withdrawn, in charging the machine 
the pan is withdrawn and the jelly loaded into it, after 
which it^is wheeled into place and the plStform' raised, 
stops are provided to prevent the pan being raisvd too high 
ind consequently the revolving arms edming in contact 
with the bottom. Opinions differ as regards the merits 
A th« two types of machine, but the Werner and Pfleiderer 
type is usually preferred, and w'ould seem to cause no more 
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accidents than the McRoberts type. They are specklly 
built for the purpose, and precautions are taken to guard 
against explosive eiitering the bearings. The McRoberts 
machines have the advantage that tht whole process of 
gelatin izat;on and incorporation can be carried out in the 
same tank, thus avoiding transferring the jehy from the gela* 
tinization tank to the incorporating machine ; but, on the 
other hand, having to move a heavy article like the mixing 



Fig. 1 8 . — McRoberts Type Incorporating Machine 
, (Sectional Flevation). • 


tank is d^icidedly objectionable. W'hen incorporation is 
complete t*he jelly is transferred to wooden boxes and carried 
to the cartridge huts, whei^ it is put through “sausage “ 
machines and*thc ^suiting cord cut up with double-bladed 
brass knives and then wrapped in parchment paper. 

These “sausage” machines (Figs. 19 and 2o)^are con- 
st* cted d^un-metal in such a way that all bearings are 
external so that no explosive can get intoThem, and sufficient 
clearance is left where the shaft enters to avoid friction. 
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Thl'y are provided with internal ribs to prevent the jelly 
from merely being revolved, and are always worked by hand. 
The conical type (Fig. 19) was the original type used, but 
the circular type (Fig. 20) is now generally preferred, as it 
puts less pressure on the explosive. In making the usual 
size of cartridge’ viz. f ini or J in., two nozzles are used except 



Fig., 19. — Sausage Machine loi Gelatinized Explosives. 


in the case of very stiff jellies such as Blasting Gelatine, 
when only one is used. 

Gelatinized explosives, like all explosives containing 
nitroglycerine, have a great tendency to freeze, and in this 



condition are difficult to detonatej ^Many accidents hav( 
been caused* by frozen explosives, as some of the cartridge! 
in the shot hole may escape detonatiors* and*-remain mixec 
'with the mineral brought down. Also it is'^difficult t( 
persuade miners to thaw frozen explosives ^in a warminj 
pan, so that many fatalities have occurred Tnfough thei: 
being thawed over d fire or by other improper means. I^abo 
ratory experiments point to frozen explosives being les 
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sensitive to shock than unfrozen ones, bulf these experi- 
ments are quite misleading owing to the small quantities 
used. Experience under working conditions shows most 
decidedly that in the frozen state they arc more sensitive, 
and not a^ew accidents have been caused through miners 
trying to make a hole in a frozc^i cartridge in which to 
insert a detonator,. 

P'or this reason many attempts have been made to add 
substances to the nitroglycerine which will lower its freezing- 
point sufficiently to allow it to remain liquid at ordinary 
working temperatures. The freezing-point coefficient of 
nitroglycerine is 70-5, but Raoult s law only holds good for 
very dilute solutions, and these arc of but little value from 
a technical point of view. 

Non-freezing explosives were originally made by addiiig 
nitrobenzole or nitrotoluol to the nitroglyi'erine, but un- 
fortunately these greatly decrease the power and render 
detonation more difficult. At present trinitrotoluol is 
generally used and is frequently applied in the form of the 
so-called liquid T.N.T., as this mixes more readily with the 
nitroglycerine than ^lid T.N.T. 

In Great Britain, where very low temperatures are not 
encountered, the amount used is 5-10 per cent, of the weight 
of nitroglycerine, biit in America and on the Continent 
20-25 per cent, is frijquently used. 

In Germaii^ explosives are* made with a mixture of 
nitroglycerine and dinitroglycerine, tetranitrodiglycerine^ or 
dinitrochlorhydri^i, and in France dinitrogly<:ol is used. As 
would De expected from their lower molecular weight, theee 
are more* effective than nitroaromatic hydrocarbons. 
Unfortunately the ma^orj^ty of suitable substances with 
low molecular weight are •too volatile, but nitroniethane 
(B.P. 101° haj^been proposed, as 10 per ceiij. reduces 
the freezirig-point of nitroglycerine to —-15° C. Its cost, 
^ however, J^agaiiist its use at present. , 

Dinitroacetyl glycerine and dinitroformin (D.R.P. 
209,943) have also been proposed. The latter is. very 
easily made by heating glycerinq with half its weight of 
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oxiilic acid to ioo"' C. and finally to 150® C., and then nitrating 
the product. The oil thus obtained contains 33 per cent, 
of dinitroformin dissolved in nitroglycerine and is almost 
unfreezable. i it * 

The three standard gelat^inized explosives in pse in Great 
Britain are Blasting Gelatine, Gelatine Dynamite, and 
Gelignite, the average composition of v'hich is shown in 
the following table : — 


Blasting Gelatine . . 

N.G. 

.. 92 

C.C. W.K. KNOj. 

8 — — 

Gelatine Dynamite 

•• 75 

5 5 15 

Gelignite . . 

. . Oo 

4- 8 28 

Of these Gelignite is far the most used, and may in fact 


be regarded as the standard high explosive. 

< Blasting Gelatine, which forms a stiff translucent jelly 
is too brisant^for most purposes, although used for hare 
rock. It i? the most powerful explosive on the market 
but has several serious drawbacks. In the first place i' 
hardens on keeping, and at the same time becomes ver) 
insensitive so that it can only be exploded by means of ai 
extra heavy detonator. It also has^a great tendency t{ 
sweat or exude nitroglycerine, especially if it has beer 
frozen and thawed several times. The sweating is some 
times quite excessive, and the nitrog^iycerine may actuall} 
be seen running out of the cases.' I^eedless to say sucl 
Blasting Gelatine is very dangerous. The exudation troubl( 
is very noticeable with explosive that has been exportec 
totlie antipodes, and is probably accentuated by the passag* 
tjirough the tropics, hundreds of tons being coiidemne( 
every year in Australia on account of exudation. It i 
very difficult to obtain a good Biasing Gelatine that wil 
not sweat and probably most^depends on the quality 0 
collodion used. This should ^contain Lbout 5 12 per ceni 
^of nitrog'hi, should have been nitrated at a low temperatur 
and only washed in hot water and not bdile.d. Finally, i 
should not have been over-pulped as tBfefTike boilihg 
adversely affects itis gelatinizing powers.^ Other gelatinize 
explosives such as Gelatine Dynamite and Gelignite als 
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have a tendency to sweat, but these give fliftle troublef as 
the wood meal holds back the nitroglycerine. 

Since 1914, when the outbreak of war made potash 
EUppU^^s scarce, Gelatine Dynamite and (itelignite have been 
made with^odium nitrate in place of the potassium salt. 

Nitroglycerine is .dightly gelatinized wiicn used for a 
large number of . explosives, as by thickening it without 
actually forming a jelly its tendency to be displaced by 
water is lessened. 

In the United States many grades of Gelatin or Gelatin 
Dynamite are manufactured, in some of which the wood 
meal is partly replaced by flour and sulphur. They usually 
contain one per cent, of calcium carbonate, and have a 
nitroglycerine content of from 20 to 60 per cent. 

In France gelatinized explosives are known as Gomnies, 
Dynamites Gelatines, or simply Gclatinees,^nd are manu- 
factured in great variety, both potassium :md sodium 
nitrate being used. The following table shows a few typical 
examples : — * 


• 1 
• 

N.G. 

— • 

C.C, 

KNOs 

NaNOa 

W.M. 

Gomme extralorte . . j 

02 

8 

' 

_ 

_ 

Gomme B . . 

80 

5 

i 4 1 



5 

Gomme G . . 


5 


10 

2 

Gomme 3li 

74 

0 

155 i 

— 

4‘5 

G61atinee iB • 

04 

3 


24 

8 

Gelignite . . 

0<> 


27 


10 

Dynamite Gel -timi^' 2C . . 

43 1 


4> 

— 

4 


Dynamite Ncf. 4 and Dynamite No. 5 'lire both jellies 
contaTnin^ sodium nitrate, the former containing 59 aftd 
the latter 48 per cent, of nitroglycerine. 

The Belgian Forcices afle very similar in nature 


* 

• 

1 

1 1 


• 

N.G. 

cc. 

I KNO 3 NaNO., 

1 MgCt> 

Forcite extra ... 
’•cite .‘i u i*- ^ 

71 

04 

\> 

3 

M I - 

1 - 1 24 

1 : : 

Fe.^it' iNo. I . 

40 

r 

- 1 3»> 

1 

13 — 


Some Belgian Forcites also contain ammonium nitrate. 
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Chlorate and Perchlorate Mixtures 

The formation of chlorates from the metallic chloride 
and ox)'gen is an endothermic reaction, and consequently 
chlorates in themselves arc capable of explosion — 

KCl -r 3O =: kciOg -/.I *9 Cal. 

NaCl 4-30 = NaClOs - 13 •; Cal. 

BaCl. + 60 = Ba{C103)2 - 25-9 Cal. 

The explosion of a chlorate is brought about by heat, 
or by heat in conjunction with shock, and although the 
explosion is usually not violent several • serious accidents 
have occurred. The instability of chlorates renders chlorate 
mixtures veiy^ sensitive, and in most countries the use of 
chlorates in conjunction with sulphur is prohibited. In 
Great Britain the only form of chlorate explosive that is 
authorized is Cheddite, the chlorate in this case being pro- 
tected and rendered less sensitive by oil. In other countries, 
however, Sprengel explosives are permitted, in which the 
chlorate and the combustible matter are only brought in 
contact with one another immediately before charging the 
bore hole. Chlorates must never be used in conjunction 
with ammonium salts, such as ammonium nitrate, as under 
these conditions double decomp osition^is liable to take place 
with the production of the highly unstable ammonium 
chlorate, a salt liable to spontaneous explosion— 

KCIO3 + AniNOg = KNO3 + AinClGg 

Perchlorate?, on the other hand, are much more stable 
tjiau chloi'alcs, as their formation from the chloride and 
oxygen is an exothermic reaction — 

, KCl + 40 = KC10, +Y9Cal. 

NaCl 4- 4O = NaC104 + 2-4 Cal. 

BaCU + 80 = Ba(Cl04)2 4" h Cal. 

Ammonium perchlorate is aljo stable, but is capable of 
explosion although only with difficulty. Jte»’»dtLonrdtion-is"* 
represented by the (equation— ' 

NH4CIO4 = Cl-fOg + N 4 - 2H2O (gaseous) 4- 383 Cal. 
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It is about as sensitive to blows as pic^i »5 acid, but ^he 
explosion does not usually spread throughout the mass. 

Chlorates art invariably manufactured by the electrolysis 
of chlorides, and on further electrolysis pafcs into perchlorates. 
For this ^ason commercial perchlorates are liable to be 
contaminated with cln orate, and suph contamination renders 
them quite unsuitable for use in the manufacture of explo- 
sives. This is particularly so in the* case of ammonium 
perchlorate, as the presence of sodium or potassium chlorate 
would render the product liable to double decomposition 
with the production of ammonium chlorate. 

Of the chlorates the potassium salt is the most used, as 
the sodium salt is very soluble and deliquescent and con- 
sequently difficult to obtain pure. The latter, however, 
enters into the composition of some French Cheddites, ahd 
barium chlorate is used to some extent as j.n ingredient in 
fireworks. Of the perchlorates the almost insolutle potassium 
salt is most used, although the ammonium salt can be obtained 
pure at a reasonable price.* This latter salt has scarcely 
received the attention it deserves in this country, but now 
that it has *been uianufactured for war purposes it will 
probably receive greater attention. It has the advantage 
of giving only gaseous products, but unfortunately these 
include chlorine. Chlorine fume can be prevented by adding 
alkali nitrate in stifficient quantity to provide a base to 
combine with the chlorine but such mixtures are liable to 
deliquesce owillg to the formation of ammonium nitrate 
and alkali perchlorate by double decomposition. 

AmC104 + KNO3 = KCIP4 + AmNOa 

% 

For Permitted Explosives, however, the base might be 
added in the form of an\)xalate, this acting at the same 
time as the I* cooler,” or^tjie base might be added in the 
form of ^ salt of a suitable organic acid, tli? organic 
part of the molecule providing the requisite combustible 
jv.attei. A v • 

* In 1918 the cost of manufJhturc of ammoiiium perchlorate was £gg 
per ton as compared* with £^5 per ton for ammonium nitrate '(C.T.j., 
19191 P- 162). 
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i SprengerEixplosives.— These consist of cartridges of 
potassium chlorate, which immediately before use are dipped 
into a liquid combustible. They are not authorized in Great 
Britain, as the process of dipping is a manufacturing opera- 
tion within the meaning of the Act and can therefore only be 
carried out on hcenbed premises anc^iinder “ danger con- 
ditions. These explosives are used, however, to a consider- 
able extent on the Continent and in America, but have the 
disadvantage that the penetratiou of tire combns'dble liquid 
is very uneven, so that uncertain results arc obtained. In 
France “ Explo.sif O3 ” or ‘‘ Promethee ” is much used, and 
consists of cartridges containing 80, 90 or qS^per cent, of 
potassium chlorate mixed with 20, 10 or 5 per cent, of 
manganese dioxide, and dipped into a mixture containing 
56 per cent, of nitrobenzole and 50 per cent, of turpentine 
or naphtha, or mixture of these. The American explosive, 
Rack-a-Rook, is very similar. 

Liquid air explosives, " Oxyliquits,” ma)- be mentioned' 
at this point as they are of the Si)rengel type although con- 
taining no chlorate. They consist of a solid organic absorbent 
such as cork dust, on which liqnid air or,oxygen'is poured just 
before use. They were used in the construction of the Simplon 
tunnel, and are said to have been widely used in Germany 
for general blasting purposes during the war, but are not 
likely to come into general use, as licj,uid air has obvious 
disadvantages and inconvc^lriciices. Also the density of the 
explosive is low so that the cost of maki/ig 6ore holes is 
excessive. Liquid air, however, is cheap ^ especially where 
e:^tensive •inihitig operations are in progress antu large 
quantities of explosive* required. The great ad/antage of 
liquid air exjDlosives lies, perhaps, m Jhe absence, of danger 
from misfires or incomplete (Jetonation. With ordinary 
explosives accidents due to misfires nectssitating the with- 
'drawing^ the charge or insertion of a new de<:onator are 
not uncommon, and incomplete detonatipn in which 
cartridges or parts of cartridges remain in^he Idefiris aVe 
apt to lead to aeddents throtigh being struck with a 
pick or shovel. With liquid air explosives these dangers 
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do not exist, as the air rapidly evapoi 4 t 5 s. They are 
not authorized in Great Britain, for the same reason 
that chlorate explosives of the vSprengcl class are not 
authorzed. • • 

Cheddijes. — These weije discovered by vStreet, and 
derive their name fro^a Chedde, tlip tolvn ifi France where 
chlorates were principally manufactured. They consist 
usually of potassium chlorate mixed with a fatty oil, usually 
castor oil, ^i/hich has been thickened by dissolving aromatic 
nitro- comp Guilds in it, although some French Cheddites 
are made with paraffin. As iiitro-compounds a mixture of 
mononitron aphthalene and dinitrotoluol is generally used, 
and although the original Cheddite contained 2 per cent, 
of picric acid this was soon rei)laced by dinitrotoluol. In 
their manufacture the nitro-compounds are first dissolved 
in the oil at a temperature of 70'" C. and tlK& finely ground 
dry chlorate added slowly. The whole is well mixed by 
‘hand, first hot and then in a semi-cold condition, sifted and 
then compressed into cartridges in wooden moulds. In 
order to obtain a satisfactor}’ explosive the degree of com- 
pression niust*be carefully controlled, especially as Cheddites 
are usually rather easily compre.ssed. If the density is too 
low full power is not developed, whereas if too high detona- 
tion becomes difficult or impossible. For this reason con- 
siderable care is reepured in making up the cartridges, as 
sonic Cheddites are very readily comjiressed, especially 
those made wilh sodium chlorate. The following table 
shows the velocity; of detonation of three different Cheddites 
at diffiiy^ent densities, the experiments being carried out ki 
copper tubts 22 mm. in diameter. The explosives used had 
the composition — 

m 

Kcia, . 

NaCl 63 . 

/D.N.T. •. 

Paraffin 




no 
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Type 60^ 

Velocity. 

Temperature. 

Density. 

Metres^ per sec. 

C 

•81 ^ 

2457 


1 1-39 

3045 

3 VC.. ' 

' 1-48' 

3156' 

* 1 
1 

! I -.51 ' 

3099 

I 

i 1-62 

2820 

' KxPTOSir V 

Velocity.* 

Temperature, 

Density. 

Metres per sec. 


1 -62 

2137 


I *00 

304 i 


1-05 

31^5 


1-36 

3621 

3 1 

1*48 

3475 


1*54 

1 ncmplele 

1 

1 '99 

2940 

15 ° C. 

1*24 

3457 

1 1-45 

3565 

1 

^ 1-59 

Incomplete 

BxpIvQsif S 

r 



* Velocity. 

Temperature. 

Density. 

Metres per sec. 


•81 

.2191 


•92 

' 2475 

17° C. ' 

I '33 ' 

2966 

' 1-45 

2940 


1-54 

?G88 


1*56 

Incomplete 


t 

^ The acquired by the same explosive^ under 

different pressures is ‘shown in the following - table, the 
pressure being given in kilograms pc^ cra.^ : — 


Type 60 


1 Explo^if P, 1 

1 Explosif S. 








--.*1 - 


PfcssureN* j 

Density. 

Pressure. | 

Density. 

Pressure. 

Density. 

*7 1 

1-25 

•7 

u ’9 

, *02 

•92 

r \ • 1 

1-31 

ro 

*99 


1*29 

1-6 j 

1-38 

5 'q 

I- 2 I 

'b 

I . 33W 

2-1 ! 

1-40 . 

80 

u I'29 

•7 

* i*39 

3-2 

I '46 

20’0 

I '37 ' 

I ‘4 

1*47 

4-8 

1-51 

58-0 

1*59 

3-2 

1*55 
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si/id 


The following table shows the composifioh of the cMef 
French Cheddites f 



KCIO3. 

^^aClOj. 

Castor oil. 

M,NfN. 

D.N.T. 

ParafSn. 


• 

• 





Type 60 

.. 80 


• 

•12 1 

2 



Type 41 

.. 1 80 1 


8 

12 1 

— 

— 

0* .. 

..1 79 i 

— 

5 

I ' 

15 

— 

0, 

.. 1 90 

— ■ 

— 

rz 

— 

10 

0. .. 

.. ^ - 

7 ^ ! 

f 5 

16 1 

1 

— 


Of these 0 ^ is the most brisant and O3 the least. 

Cheddile.s are also authorized and used in Great Britain, 
but the demand is not great. Thus in 1910, out of a total 
consumption of 15,000 tons of blasting explosives of "’Jl 
classes, only 60 tons were Cheddite. 

In Germany mijitures of chlorates and r^Sin are used to 
some extent, c.g. Silesia No. 4 consists of 80 per cent, of 
potassium chlorate and 20 per cent, of resin. Some years 
ago attempts were made to introduce similar explosives 
into Great Britain under the name of Steelite. These were 
composed of potassiifm chlorate and resin which had been 
previously oxidized by nitric acid. They never came into 
general use, although Colliery Steelite was on the old “ Per- 
mitted ” list, but failed at the Rotherham test. It had the 
composition — • • ^ 


KCtoa'.. 
Oxidized^rcsiii 
..pastor oil 
Moisture 


72 *5-75 ’5 
23 -(5-26 -5 
■^ 5-1 ‘ 

O-I 


« C 

Perchlorates have ” been* suggested as a substitute for 
nitre iti^black powdgr, but have not been used to any extent. 
A British e^cplosive, Polarite, was introduced soxffe year's " 
ago as a substitute for Gelignite and seemed to consist of 
•‘a w)n-frcezh 1 g Gelignite containing T.N.T. in which pbtassium 
peichluirate was Used in plaoc of nitre. The German explo- 
sive PeriT*f'’iitf» way nn thf* nld “ Pprmiftpd " list in Grpflt 
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but fkiLd to pass the Rotherham test. It had the 
composition— ^ 


KCIO, ^ . 

31-34 

N.G. 

' .. 3-4 

C.C. 

.. .. ‘5-1. 

AmN03 !. - . 

39-43 

T.N.T. . . 

11-13 

Starch 

5-9 

W.M. 

•• ' i'5-3:5 

Glycerine I 
Gelatine | 

•• i-5-3'5 


The French Government experimented with two Cheddites 
made with ammonium perchlorate and having composition— 



No. I. 

No. 2. 

AmC104 .. 

. . 82 

50 

I).N.T. . . 

.. 13 


NaN03 . . 



Castor oil 

. . 5 

5 


but did not authorize them as they presented no advantages 
over existing Cheddites. The use of castor orl, however, in 
the presence of perchlorate would seem useless as, unlike 
the chlorates, they are not sensitive to friction. 

The Belgian Yonckites arc ammcniuiii perchlorate ex- 
plosives for use in coal mines, and consist of ammonium 
perchlorate mixed with 'nodiUm and' ammonium nitrate, 
trinitrotoluol and sodium chloride. ' 

Tte Swedish explosive, Blastine, is composed of ammo- 
ijium pT?K! 4 i^fflE^Le, sodium nitrate, D.N.T. and paraffin. 
Pemitral w^as the nanie of an explosive author;, in this 
country a few years ago, but the manufacture of which 
does not seem to have beeh taken up. It had the 
compo^ion— 


AmC104 


. . " 40 

NaNOs . . 



Solid T.N.T. . . 


. . . . 10 

Liquid T.'N.T. . . 

1 

. . 10 

A 1 powder 


, . 10 
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Samples tested by the author seemed lo *be somewlfht 
more powerful than Blasting Gelatine, buf unfortunately a 
No. 8 detonato’' was required in order to obtain the full 
effect. * 

• * ^ 

Ammonil^i Nitrate Kxpeosives 

B'Aplosivcs consisting of ammoniuni nitrate in conj mic- 
tion with '^'onibustiblc matter, a nitroax^imalic hydrocarbon 
for preference, were first proposed by Favier in 1885. They 
have the advantage of being cheap and safe to manufacture 
and use, but have the serious disadvantage of being very 
hygroscopic, so that even when put up in carefully waxed 
cartridges they take up moisture rapidly and become unfit 
for use in a few weeks. As a class they have extremely 
low temperatures of explosion, and for this reason are largely 
used as coal mine e?:plosives (see Section V.), but are also 
used to some extent for general blasting purposes. Their 
use for general,purposes is likely to extend in the near future 
owing to the low price at which they can be manufactured. 
The best-knovm British explosives of this class are discussed 
in the next section, but the following have been used to a 
considerable extent in Germany — 



Astralit. 

Fulmcnit. 

AniNOa . 

81 

82-5 

T.N.T. 

II 

II 

Pafaflii Oil 

I 

I 

Meal 

2 

— 

Coal.. • . 

I 



" 4 


Charcoal 


1*5 

Guncotton . 

f . , . — 

'4 

^ • • 

• 

Webtfala fur Kohlc. 



^ AmN03 . . . . 91 

.KNO3 • . . . . 4 

, o Resin 5 


For ordinary bksting purposes it has been proposed to 
increase the power of ammonium uitrate explosives by the 
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aitdition of alufiinium powder, the heat of combustion of 
which is very hi^h— 

2 h} -f 3O2 = 2AI2O3 -f 760 Oal. 


The best known of these erplosives is Ammonal, which 
for ordinary blasting purposes contp^ms about 25 per cent, 
of aluminium powder, the balance being ammonium nitrate 
and T.N.T. Ammonals containing much less aluminium, 
however, are also manufactured, for example— ' 


AmNOs 

A 1 

C 

T.N.T. 


94 93 

3 3 

3 ~ 

— 4 


88 87 

8 15 

4. 4 


‘ Gesteins-Westfalit contains dinitrotoluol, and has the 
composition— 

AmNOa ' . . 84*5 

A 1 3-5 

U.N.T 12*0 


In all explosives of this nature the aluminium is added 
in the form of a line powder, but too fine a state of sub- 
division is to be avoided, as very finch' powdered aluminium 
oxidizes readily in the air. As a rule the commercial 
“ aluminium bronze ” is used.’ Thi^ is manufactured by 
rolling aluminium into very tl^in sheets, whieh are then cut 
into strips and ground. ^ 

Very similar explosives in which calcium silicide is used 
in ijl acc of Hl uminium are 'also mamjfacturcd, Sabulite 
being an explosive of this class. The use of fcrrobiricon has 
also been proposed (A.P. 1,277,043), although dc does not 
seem to have conic into use. , • . 

In making up ammonium nitrate explosives into cart* 
►idgcsVvo methods are used. ' If loaded by hand the paper 
is rolled on a wooden rod of suitable size and one end folded 
[n and •d:osed. The paper cylinder thu’s foijned is then 
inserted closed end downwards in an aluipinium tiijie fiied 
u a block of wood, and the explosive* fed in through an 
iluminium funnel and wqU rammed with a wood or aluminium 
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rod. This method has little to recommen^ itf except th:ift 
the plant can be bought for a few shillings/ A much more 
satisfactory metl^iod is to use a helix machine very similar 
to the “ sausage machines used for gelatinized explosives, 
the machine being made to wQrk against a suitable resistance 
in order to pack the p\'wdcr evenly^ and* firmly. A simple 
machine of this nature for use with hand power is shown in 
Fig. 21. The explosive is fed in through/he hopper and the 





I 


Fig. 21,— Cartridge Filling Machine tor Ammonium Nitrate Explosives. 

)aper cylinder held against the nozzle by means of a cord 
ind weight. As the ^oadjng f)roceeds the paper is forced 
)ackwards away from the nozzle, an adjustable stop being 
>rovided to indicate when loading is complete. By varying 
he weight the explosive ran be packed more or less tightly 
.t will. In German)’* similar machines are used that are 
lOwer-driven, but these as a rule are vertical. 

* Tonitk ' ■' 

This was formerly much used for blasting purposes, and 
onsisted of ^compressed guncotton containing from 25 to 40 
er cent^^ of a nitrate, usuall)* barium or potassium nitrate, 
ts interest is ndw chfefly historical, 

LITERATURE 

Two interesting accidAits which have occurred in the manufacture of 
ynamite arc described in S./?., 145, 184. 
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Gelatinized Explosives 

The tollowing accounts of accidents are instructive: S.Ii., 151, 201. 

For notes on the cxudatioi) of nitroglycerine frt|;n Blasting Gelatine, 
see /i.E., 1914. \ , 

Chlorate Explosives 

Much information cn the properties of Cheddites will be found in 
P.S,, xi., 22; xii., 123; xii:., 29, 144, zSzrxiv,, 26, 33, 192; xv., 135, 
212, 247 ; xvi., 6b. 

Two accidents in this country arc described in S.R., 13s and itj. 

\ 

Ammonium Nitrate Explosives 
E.F. 2139*®; 16,277®®; A.P. 1,277,043. 


Blasting 

O. Guttmann, " Blasting," London. 1906. 



Section V.~SAFE1T C!0AL MINE 
* EYPLOSTVEiS • • 

The use of explosives in coal mines is always attended by 
the risk of dring the mine gases and coal ctust. This ignition 
may be due to some extent to the vibration set up by the 
shock of the explosion, but the greatest risk is due to local 
rise in temperature caused by the flame of the explosion or 
by the adiabati^' com])ression cf the gas. Air, for example, 
when adiabatically compressed to 6o kg. per cm. 2 suffers a 
rise in temperature of 670° C., whereas at 100 kg. per cm. 2 it is 
820° C., and at 200 kg. per cm. 2 it is 1060° C. Admixture of air 
and fire damp will inflame at 650® C., but at this temperature 
there is a period of induction of about 10 seconds, although 
this period grows progressively shorter with increasing 
temperature. Under working conditions in a mine rapid 
diffusion takes place so^that although locally the temperature 
may rise far above the poiift of inflammation, the diffusion of 
the overheated gases cools them before the period of in- 
duction is complete, and hence no explosion results. Of 
course, there is a limiting temperature above which the 
period of induction is so short that*inflammation takes place 
before diffusion has had time to lower the temperature below 
the ignition point, and for safely it is consequently necessary 
to select explosives and conditions of shot nring iii'"»ti6hL a^ 
way that>he local rise in temperature is not excessive. 
The problerq is a difficult one, as mine conditions are very 
variable, and the chief danger arises from abnormal cases, 
such as*blown«out shots. Consequently the tests ^plied 
are of an empirical nature, although designed as far as possible 
‘to represent^ actual workiilg conditions. Usually they 
im’^ate what might happen in a mine under the worst possible 
conditions. . • 

In order to investigate the problem and lay down rules 
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^>r blasting' iA gassy mines, almost all civilized countries 
in which coal mining is an important industry have appointed 
Commissions. The first of these was appK)inted in France 
in 1877 , the British Commission b^ing appointed two years 
later, and the Prussian Cpmnrission in 1881 . ^The Belgian 
and Austrian Commissions were botK set up at a rather later 
date. The result of these Commissions has been the^ey t^ing 
up of galleries in ^vhich explosives can be fired into a gas 
mixture, or into air or gas laden w\th coal dtfst, and the 
laying down of regulations limiting the composition of the 
explosives which may be used, the weight that may be used 
in any one blast, and the conditions under .which blasting 
may be carried out. 


Explosive. 

Density. ^ 

Velocity of 
Detonation 

Length of j 

1 Flame. 

Duration , 
of Flame. ' 

Atter- 

flamc 

Ratio, 

' 

(KNO., ' 






G.P. 

1 

C. 

Is. n 

104 

200-300 

1 i 

i . 1 

77 1 

1 : 3 . 3 '^ 

B G. 1 

f N G. 

ICC. S 

1 

7700 

■ 22 1 ^ 

0’72 

I : S83 

Dynamite < 

(N.G. 75 

iGuht. 25 
(NG. 

i-5« , 

! (.81 

228' 

1 

i 

,S'3T 

T :62 o 

Gelignite j 

C ( . r'-, 

NuNOs 27 
,W.M. 8 

AmNOg 80 
N.G. r8 

1T.7 

(iJIO 

j 

i 

1 30 

1 

r 23 

1 : 101 

Donante ^ 

(’.C. -2 

1-31 ' 

[ 34 

r>o 


1 : 1.5 

1 

T.N.T. 12-0 


4 n 7 




1 

1 

Flour 4’() 

'AmNOg 80-3 

1 KNOg 5 0 


1 (coTilincd) 




AmnidUl'" ^ 
Carbonitc 

1 

In.g.' 4-0 

III 


'51 

t 

•.32 

1:7*4 

Icoal ()’o 

, Starch 4 ‘5 


3145 

(confined) 

! j 



< 

* AmNOg 02 


2137 

1 i 



Thunderite ■ 

T.N.T. 4 

1-07 

!. 3654 

1 “ 1 


— 


1 Flour 4 

j« (confined), 

' ! 




Bicjiel has investigated tile duration' of flpme by firing * 
explosives at night and photographing the flame through a 
quartz lense on a moving film. He finds that in all cases the 
flame outlasts the time of detonation, and has named the 
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ratio duration of detonation : duration of fjpme the aft^- 
flame ratio.” He finds that safety explos^es have a very 
short flame durjition, and consequently a high after-flame 
ratio, the table in the •preceding page showing some of his 
figures, velocity of detona^on being given in metres per 
second, duration of liame in thousandths of a second and 
length of flame in millimetres. The exi:)eriments were carried 
\ 3 ut with 100 grams of explosives made up in cartridges of 
30 mm. dfameter, and fired from a gun similar to those used 
in the olficial testing galleries. 

In the American testing station at Pittsburg several 
explosives were analyzed and the flame from 200 grams 
photographed, and the heat liberated measured. The 
following very interesting figures were obtained. The heat 
liberated is expressed in major calories per kilogram, alid 


the duration of flame 

• 

in milliseconds — 

• 




, WriKllt ot 

Pcrcciil CO 

Heal 


LompDsitinn 

1 vviaj)per pi-r 

m pnidiKts 






100 

1 




D.N.T. 

1785 

, 




M.N.N. 


i 




Castor oil 

5 ' 3 -: •• 

i 


IO()5 

' -iqO 

KClOg 


! • 




HgO 

-n 





N.G. 

8 ‘I 3 .. 

'' 




M.N.T. 

3'57 





Castor oil 

■81 





N.C. 

•50 . . 

^^5 1 


1169 

! *279 

AmNOg 

82-1 





W-M. 

4-30 .. 

' 




HgO 

•52 .. 




' 


• 



• 

j , 

KNOg ’ 

05-31 .. 





C. 

'« 4 >- 5'-2 •• 

1 

< 


• 

S. 

2-03 . . 

' None 

40 

022-7 

1030 

Paraffin 

3'35 •• 

1 




Starch 

^73 ■■ .. 

! • t 


w 

1 



• 



* 




This las^ explosive would ap])ear to be Bobbirute, 'adc 
* in view of its great flame juration it is scarcely surprising 
^ at it'dobS nc/t pass the^ Rotherham Test. 

Will has also studied tfce duration of flame by photo- 
graphic methods. He took his photographs on a druir 
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cqjrered with a%nsitive film over which was laid an opaque 
screen, in which\ a series of equidistant slits were cut, the 
whole being rapidly rotated behind a fix^d opening. By 
this means he obtained a species ot cinematograph photo- 
graphs in the form of a series of bands. He found that with 
explosives defi(;ienti in oxVgeii the fianie dies ‘away very 
rapidly and then revives'^ the secondar>^ flame being of m^uch 
greater duration than the primary flame. This secofidary 
flame is due to the carbon monoxide es'caping'^frqm the bore 
hole and burning in contact with atmospheric oxygen, and 
can be prevented by the addition of a few per cenfl. of an 
alkali salt, the salts of the alkali metals being far more 
effective than the salts of the alkali earths or pi lead. 

The first proiiosal for rendering explosives used in fier^^ 
mfnes safe by reducing the temperature of explosion was due 
to MacNab, who in 1873 suggested placing a cartridge of 
water imme/iiafely above the charge in the bore hole. This 
suggestion was soon followed by others, in which wet moss, 
or a jelly containing 90 per cent, of water was substituted for 
the inconvenient cylinder of water, but none of these met 
with any great success, partly owing to the tendency of the 
miners to omit using them, and pandy owing to tlie contents 
being blown about in large lumps, and not being sufficiently 
pulverized by the explosion. The next step was the use of 
salts containing water of crystallization, such as magnesium 
sulphate, as these could be incorporated with the explosive 
itself, and this method is still used to a slight Extent, although 
almost' all modern safety explosives rely on the chlorides of 
feudimiTT-potassiunx or ammonium as “coolers,'' the cooling 
being brought about by' the heat absorbed by the volatiliza- 
tion, and to some extent also by ^le dissociation of these 
salts. Ammonium chloride has^ the disadvantage that it 
is apt t^spoil the detonation of tlie explorive, &nd it niust be 
u^d in conjunction with at least one equivalent, of an alkali 
nitrate to provide a base wiidi which the f^ee chlorine 
liberated*" during the explosion may combine. 'It alsiT' 
renders the explosive hygroscopic as double decomposition 
takes place with the production of ammonium nitrate— 
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• 

KNO3 + NH4CI = KCl + NH4N03 / 

A salt containing water of crystallizajion when used ii 
conjunction with ainn|oniuni nitrate is lilso objectionable 
as the nitrate is apt to rob it of its water and to become liquic 
by solution. ' , 

In Great Britain explosives that may be used in her) 
' are known as “ Permitted Explosives,” in the Unitec 
vStates a; PeimissibV" PvX])losives,” in France as “ Explosif: 
de Sdrete,” or ” Kx])k)sifs Anli-grisouteiises,” in Belgium as 
“ Kxplosifs vS. G. P.” (“ vSure Grisou Poussieres ”), and in 
Germany as “ Welter- or Weltersichere Sprengstoffe.” 

Test Galleries. — The German gallery is at Gelsenkirchen- 
v^chalke, and is 35 metres long. It is elliptical in section, and 
has a sectional area of two squaie metres, the major akis 
being vertical and i’8 metres long, and the minor axis 
I *35 metres long. Shots are fired into an exp*losion chamber, 
■formed by partitioning off a length of 5 metres by means of 
a paper diaphi;agm, from a gun with a bore 4 cm. in diametei 
and 70 cm, deep. The gun is inclined at a slight angle, and 
the shots aro fired ^without any stemming. There is a 
statutory obligation for l3^ners of fiery mines to use only 
“ safe explosives,” but it rests with the owner to decide what 
explosive is safe. Several private galleries also exist, 
notably the one at Neubabelsberg. 

The Austrian gallery is 293 metres long, and is part of 
an abandoned ihine. The shots are fired suspended in the 
mine, and not from a gun, thus rcprcsentiijg more or le.ss 
the conditions of an explosive exploding aecidentall^ 
being placed in the shot hole. * 

The Bclpan gallery „at Frameries, near Mons, is similar 
to the German gallery described above, but is 85 metres 
long. ‘The shots aie fired unstemmed from a gungj^nth a 
bore 5‘5 cm, in diameter and 46 cm. deep, the gun being 
inclined at a]j angle . The explosive gas used is air containing 
T^^)er cfenT'of fire dam^ the mixture* being warmed to 
25'" C. The power^of the elplosive is determined by com- 
parison with Dynamite No. i in the Trauzl lead block, and 
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in\)rder to paSs jhe test ten shots of an amount equivalent 
to 175 grams of ffynamite must fail to lire the gas mixture, 
and also fail to fire coal dust. The largest charge that satis- 
fies these condition^ is the “ charge lihiite ” or the maximum 
amount of that explosive that may be used in any one blast. 

The French galleries are at Lievip, one being 15 metres 
long and 2 metres in area, and the other 300 metres long/^pd 
2 '8 metres in area, bqth being of circular .section and svpf)lied 
with natural gas. The French regulations, how'ever, are 
not based on experiment, but rather on theoretical considera- 
tions. For use in coal mines ai^explosive must on detonation 
yield no combustible products such as carbon monoxide, 
and for use in rock (explosif roc he) its calculated tenq^ierature 
mijst not exceed igoo°C., or for use in coal (ex])losif cotiche) 
1500° C. These calculated temj)eratuTes are based on the 
heat of combustion of the constituents and on the specific 
heat of the ^rrodiicts of combustion, an^ further details will 
be found in vSection VIII. 

The United States galler)^ is situated at PiUsburg. It is 
100 ft. long by 6 ft. 4 in. in diameter, and is constructed of 
boiler plate, and closed at one e/id by concrete. ‘ vSafety doors 
are placed along the top to prevent undue pressure being 
developed. Shelves are placed along the sides of the 
gallery to hold coal dust, this* dust ‘being obtained from 
bituminous coal ground until it pass's 0 lOO-mesh sieve. 

The shots are fired ufistemmed from a gun 24 in. in 
diameter and 36 in. long, with a bore hole 2 J iii.”in diameter 
and 2 il in. d«ep. Natural gas (roughlv equal parts of 
niethane and ethane) is used, and the gas-air inii^ture is 
warmed to 77° F. Power is determined in the ballistic 
pendulum (^ee Section VIII.) and is compared with American 
40 per cent. Straight Dynamite, of the composition — 


N.G. 


.. 40 

NaNOg .. 


•• 44 , 

W.M. . . 

4 ) 

•• 15 

CaCO, . . 

. . c 

1, 




In order to pass the test and be placed on the list of 
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Permissible Explosives,” an explosive} ifiust fulfil ^ 
following conditions i 

1. Ten slio^s of a weight equivalent to J lb. of tl 
standard 40 per cent.h^ynamite fired into 8 per cent, of gi 
must cause no explosion. ^ 

2. Ten shots of the same weight fii^d into 4 per cent, 
gc s with the addition of 20 lbs. of coal dust must cause r 

‘ expL«;ion. ^ 

3. I'Cn shots of the same weight fired into 40 lbs. of co 
dust must cause no explosion. 

The limit-charge is determined by firing amounts i: 
creasing by 25 grams into 4 per cent, of gas and 20 lbs. ( 
coal dust until the maximum amount is found of whic 
10 shots can be fired without causing an explosion. Tl 
composition of explosive is not published. 

The first British gallery was built at Wpolwich, and WJ 
only 27 ft. 6 in. long by 2 ft. 6 in. diameter. The explosiv( 
were fired from a gun with a bore hole 30 in. deep and i| ii 
diameter, and were stemmed with a definite weight of di 
clay. The explosive mixture used was air eontaining 15 p( 
cent, of coa> gas. .This gajlery has been abandoned sin( 
1912, in which year th^ Rotherham gallery came into us 
This is 50 ft. long by 5 ft. in diameter, and is constructe 
of J ill. mild steel plate. ' The explosion chamber is 18 f 
long, and is separated from the rest of the gallery by a pap( 
diaphragm. The outer end is etosed by a J-in. steel plate, 
.hole being provided for inserting the gun and arrangemen 
made for a gas-tight joint. The explosit)n chamber hs 
three windows made of J-in. plate glass, each being 6 'll 
square. There are nine i>ressure release valves on the top. 

The gas is measiirf'd iji a gas holder, ano' then made 1 
circulate with the air in the explosion chamber by means < 
fans, complfte mixing being brought about in 3 jpinute 
The mixture used contains 13 *4 per cent, of gas. 

The gujj is of steel (wife construction), with a bore ho! 
*^■5 mm. in diameter an4i20 cm. deep.* ** 

The following, are the I'onditions regulating the test j 
abstracted from A.R. 1912 ; — 
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sTlie explosive imust be on the List of Authorized Ex- 
plosives. The Sewetary of State may ht any time cause 
any explosive on t£e Permitted List to be fomially retested. 
Notice of any such formal retest will '^be sent to the manu- 
facturer of the explosive. , 

For the test the fallowing weights and sizes of cartridges 
must be supplied 

i^lbs. ij'' ^8oz., 

10 lbs. I . 4 oz. 

5 lbs. il" ,<2 oz. 

2 lbs. il" 4 oz. 

The Secretary of State resenTS to himself the right of 
storing all explosives submitted for the Official Test for at 
least 30 days prior to the test. 

The fees for testing an explosive are.' — 

Testing a new explosive . . . . . . £50 

Testing an altered explosive . . . . \ . £30 

Each experimental shot £t 

These experimental shots have no' official signiiicance, but 
. are for the benefit of manufacturers in order to enable them 
to form some idea as to whether an explesive is likely to pass 
or not before paying the somewhat heavy fee for the Official 
Test. ’ ” 

The Official Test is carried out as follows (official descrip- 
tion) ,, 

^Shots will beared into a mixture of gas and aii^until 
the largest charge which' can be fired without igniting it is 
found. Further shots will then bejir^. beginning with this 
charge and, in the event of an ignitffin, reducing the charge — 
until fi^^ shots of the same weight have Veen fired without 
ignitii;g the mixture. vShots will then be fired with the 
charge so ^1,ermined into coal dust, and the Sam^ procedure 
adopted until 5 shot's have been fi^ed without igriitihp th^ 
coal dust. The lower of the charges thus determined will 
be known as the ‘ maximum charge.’ In making alterations 
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to the weight of the charges, the increment or decren^^t 
of charge will not be less than two ounces." 

“ In loadi% the gun the charge will be pushed to the 
bottom of the bore ^a clay plug having been previously 
inserted to protect the crown of the bore), and will have no 
tamping. The coal dust will be grouiAi to»such a degree of 
^"^fness that not less than 90 per cent, will pass through a 
•sie\'o of 150 meshes to the linear inch." 

In addition to the foregoing shots, other shots will be 
fired at the ballistic pendulum, and the swings registered on 
the sliding scale provided for the purpose will be recorded. 
The mean swing thus obtained will be published in com- 
parison with that given by a charge of Gelignite containing 
60 per cent, of nitroglycerine." 

‘‘ Kvery shot will be fired electrically, and in the case of 
high explosives a detonator of the size rccojiimendcd by the 
manufacturer or the person submitting the explosive will, 
subject to the approval of the Home Office, be used." 

" Each shot will be fired in the case, wrapper or covering 
in which the explosive is proposed to be employed in actual 
use." 

" An explosive will 5 e considered to have passed the test 
if— 

“ (i) The ‘ maximum charge ' as above determined, is not 
less thaji eight ounces. 

“ (2) If in the shots at thb pendulum no appreciable 
amount of the charge has been left un^xploded. 

“ (3) If, in the opinion of the officer *n charge of the^ 
testing, the explosive has exploded in a satisfactory 
manner when fired untamped at the gallery." 

“ The^ heaviest chrrge^which may be fired, ■from the gun 
is 2j lbs." , 

The follSwing* are extracts from the chief cifiditipns 
governing the packing and use of Permitted Explosivet (Coal 
Mines AcUOraer in Council, Sept, ist, 1913) 

“^No drill shall be ueed for boring *a shot hole unless it 
allows at least a clearance*of J in. over the diameter of the 
cartridge which is intended to be used in the shot hole." 
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Every chargp shall . . . have sufficient stemming, and 
each such charge shall consist of a cartridge or cartridges of 
not more than oneWescription of explosive. 

“ In all coal mines in which inflammable gas has been 
found within the previous three months in such quantity as 
to be indicative of'* danger, no explosive, other than a 
Permitted Explosive . . . shall be used.” / 

“ In all coal mines which are not naturally wet throp^ibu^^ 
no explosive, other than a Permitted Explosive,. '. . shall 
be used ... in any road or any dry and dusty part of the 
mine.” 

The following regulations must be followed as regards 
packing and marking, and are in addition to those made 
^ unejer the Explosives Act, 1875 

Every outer package must bear the words “As defined in 
the Eist of Permitted PyXplosives.” 

Each inner package must bear tlieEvords “Permitted 
Explosive, to be used only with not less than No. — 
detonator,” the number of the detonator being .that which is 
given in the Permitted Eist. It must also be marked with 
the name of the explosive, the name qf the manufacturer, 
the place and date of manufactuie, and the nature and 
, proportion of the ingredients as set forth in the Permitted 
Eist. » 

Each cartridge must be stamped 'Cvith a P set in a crown, 
and must bear the words “ ‘Not more than — ounces in any 
one shot hole,” the number of ounces being the maximum 
charge as deterqiined by the Olficial Test. 

' In the Permithid Eist each explosive is defined at, con- 
sisting of certain ingredients, a maximum and minimum 
figure being pven for each to allow foj manufacturing error. 
This allowance, which is fixed 6y the manufacturer with 
the approval of the Home Office, 4 frequejjitly absurdly high. 
For example, Super-excellite No.- 2 is defined ag containing 
not more than 6 or less than ^ parts by weigjit of nitro- 
^ glycerine. In making up a 500-lb. batch with the meaiT' 
value, 5 parts, 25 lbs. of nilroglyctrine would be required, but 
an error of 5 Ihs. in either direction might be made without 
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departing from the definition. Needless to say an error^f 
5 in 25 is absurd. A liberal allowance with a hygroscopic 
substance like ?jmmonmm nitrate is morejsensible, but even 
here the allowance isMecidedly high. These high allow- 
ances for error mean that a manufacturer could make an 
explosive with a number of ingredients And submit a sample 
TV Official Test in which the inert matters were kept at 
MicItV' jiiaximum and the active iiigredkmts at a minimum. 
After having passed the lest he could then reverse the process 
and sell an explosive in which the inert material was at a 
minimum, and the active ingredients at a maximum, although 
this actual mixture might not have passed the test if sub- 
mitted. 

The Permitted List also stales the name of the manu- 
facturer, and the situation of the factory in which the 
explosive must be made, the smallest detonator which may 
be used to fire the Explosive and the greatest weight that 
may be used in any one .shot hole. It states the nature of 
the wrapper, parchment paper, tin-lead alloy cases, etc., 
and in the case of waterproofed cartridges states the nature 
of the waterproofing^ material, c.g. paraffin wax, carnauba 
wax, wax and resin, et^. It does not, however, set any 
limit to the relative weight of the wrapper, although this is 
considerable, especially in small cartridges, and when of a 
combustible nature forms a part of the explosive. However, 
the weight of the wrapper would be difficult to fix, as it 
varies so much with the different sizes and, possibly, is not 
of such importance as it would appear to be.. For example, 
Ammonite No. 1 and Ammonite No. 5 have the same com- 


position, viz. — 


AmUOj .. • 

73 ^77 

T.N.N. . . . , 

.. 4-6 

NaCl • f. 

■ ■ i 9 ’ 5 - 2 i’ 5 '' 

H2O • 

# % 

O-I 


No.*^ 5 Is made up in waxed paper ®artridges^hereas 
No. I is made up m cases of lead and tin alloy thoroughly 
waterproofed with pure paraffin wax." The former gives 
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avowing of 2*41 in. with the ballistic pendulum and has a 
maximum charge of 26 oz., whereas'’ the latter gives a 
swing of 2*42 in\ and has a maxii‘ium charge of 24 oz. 
These figures are very close, but it must be borne in 
mind that both are stated to be,waxed, and that Ammonite 
contains a very lar^e excess of oxygen over and above that 
required for the complete combustion of the trinit ronaphihi>' 
line present. The (;ase might be quite different witk’tlioStr 
explosives which contain only just -sufticient oxygen for 
complete combustion, as the waxed wrapper would then 
cause the production of large quantities of carbon monoxide. 

In order to examine the influence of the wrapper two 
series of experiments were carried out in the Belgian galleries. 
Ip the first series Grisounite roche, an explosive containing a 
considerable excess of oxygen and having the composition— 


AmN('J3 * 

di -5 

D.XT 

. . 8-5 

was used, and the combustible gas in the 

l)r©ducts of coni- 

bustion estimated. The results obtained 

wcrc striking— 

< 

j 

Per cent. 

Wrapper. 

combustible gas. 

None 

. • • 2*4 

Asbestos paper 

... 4 ’^^ 

Paraffined paper . , . . • 

. . 20'0 

Aluminium or tinfoil 

2*0 

Paraffined paper plus 20 grams coal duLt . , 37'5 

Thi foil plus 20 grams coal dust . . 

.. 55 '^ 


f he last figure is' rather extraordinary and seems difficult of 
explanation. 

In the ^econd series of experiments various Belgian coal 
mine explosives were fired in the gallery with different 
wrappers, and the charge limits determined, iln all cases the 
use, of paraffined paper in place of unparaffined paper 
lowered the charge limite to a^very marked extent, in some 
cases by as much ‘hs 85 per cent^, both when fifed into gtiS 
and when fired into coal dust. * Metal fpil also reduced the 
charge limite but to a lesser extent, this reduction being 



COAL Mim explosives 120 

probably due partly to the great heat of com\)ustioii of the 
metal. The substifuluoii of asbestos p^)er for ordinary 
paper, on the other han^ was found to raisi the charge limite 
by as much as 50 per cent. From this it is obvious that the 
effect of th^ wrapper is ver^jgrefit, but no data are available 
as to the influence of wrappers on different si^s of cartridges, 
do any experiments seem to have been carried out in 
■tiliscc^.mtry. • 

In galler}' tests the diameter and length of the bore hole 
of the gun used affects the test to a marked extent, and 
experiments have been carried out in Germany on these 
lines. Two guns were used, one having a bore 55 mm. in 
diameter and 57 '5 cm. long, and one having a bore 40 mm. 
in diameter and 70 cm. long. It was found that when 
fired from the 55 mm. gun cartridges of 35 mm. diameter 
gave decidedly higher maximum charges when fired into gas 
than cartridges of 55 mm. diameter, whereas with coal dust 
there was but little difference. On the other hand, 35 mm. 
cartridges firedf rom a 40 mm. gun gave slightly higher charges 
both in gas and in coal dust than did 40 mm. cartridges. 

The length^of the bore hole has also a considerable 
influence, the longer the hole the bigger the maximum charge 
obtained, but this is probably due to the increased cooling 
surface of the metal. ®The influence of the magnitude of the 
sectional area of the. gallery .has also been studied, and a 
decreasing area ,is accompanied *by a decreasing charge 
limite, but re'sults are very irregular. In some cases the 
reduction is greate^ when the ex^^jlosive is fired into gas, and 
in other^' the reduction is greater whe^i coaf dust is used, t 
No gallery test can be said to represent the conditions 
actually attained in minwig practice, but they allc^rr on the 
safe side by providing for conditions more dangerous than are 
likely to be mA witlf. Tamping has a great influence-fand 
the absence of tamping makes the gallery tests much mDre 
"^severe, wherefs in^lasting, of course, shots are »M^r fired 
w!,^’'OUt stemming, • 

As regards the British test, this differs from the Belgian 
and American tests by not specifying any temperature for 
T. 0 
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gas in tlie explosion chamber, although workings are 
frequently decidedly warm. Another point which seems to 
be completely o\erlooked is barometric (^aressure. Some 
workings are several thousand feet deep, and as the baro- 
metric height increases by abopt in. for every hundred 
feet descended, the 'increased pressure in these workings is 
considerable. Surface variations of barometer in ,?diis" 
country do not, aSf-a rule, exceed i in., correspondi^ig 4 o- 
a depth of looo ft., but pending properly constituted experi- 
ments it would be an advantage if the barometer reading 
and temperature of the gas at the time of the test was stated 
in the Permitted List. Owing to the slight variations ot 
barometric pressure experienced the information might not 
b<L of great value, but the trouble would be so slight that it 
would be worth doing. As will be seen from the above 
remarks, a vaft amount of experimental work should be 
carried out on the use of explovsives in the presence of in- 
flammable gas mixtures and coal dust. So far no work at all 
seems to have been done in this country, exaept the official 
testing of explosives for manufacturers. Owing to the 
expense it is hardly work tha,t a private individual, or even 
a company, would care to take up, and from the national 
importance of the subject it is decidedly qne that should be 
taken in hand by the Government. "Phe Rotherham station 
has now been in use for six years, but. so far there seems to 
have been no attempt made to carry out anj^ research. The 
subjects that particularly require investigating are : (i) the 
influence of 1^he wrapper;, (2^ the influence of barometric 
pressure ; (3) the^relatiye efficiency of the various “ cbolers " ; 
(4) temperature of explosion; (5) duration of flame; (6) 
velocity o 4 . detonation ; and (7) t,he difimeter of the cartridges. 

British Permitted Explosives.— The number of explo- 
af veSfen the British List of Perrhitted Explosives is now (1919) 
77.* Of these all the non-hygf6scopic explosives are put up 
in cartri^.ges of parchment pciper, whereds wth one or two" 
exceptions the hygroscopic expbsives a^e put up‘’in paCf^r 
cases made thoroughly waterproof with a wax such as 
paraffin, carnauba or ceresin wax, or with a mixture of wax 
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and resin. Of the exceptions Stanford Powder, Amnionii 
No. I and Ammonite No. 4 are put up in cases made of lead 
and tin alloy, f horouaily waterproofed /with wax ; and 
Abelite No. 4 is put up in a waxed paper case “ with or 
without an additional covering of tin foil." A German ex- 
plosive, Tutol No. 2, which was on tl\e lisf at the outbreak of 
ti'^t^'fvar, was put up in a non-waterproofed wrapper of parch- 
ment paper and an outer wrapper of viaterproofed paper, 
this outer wrapper being removed before charging the shot 
hole. This was an obvious attempt to get over the influence 
of the wrapper as far as possible, and although the explosive 
is no longer on the Permitted List it is worth giving its 
composition — 

N.G 24-26 


y 


NaNOg . 
NaCl . 
W.M. . 
NaHCOa 
H2O . . 


28-30 

8’5rio‘5 

31-34 

0--5 

2 ’ 5~5 


It gave a swing at the ballistic pendulum of 2’ii in., as 
compared with, 3*27 ,in. given by an equal weight of 
Gelignite containing 60 ptfr cent, of nitroglycerine, and the 
maximum charge was 22 oz. 

It is difii^ult to clcssify the explosives on the list, but, 
roughly, they fall into three groups, viz. (i) those containing 
no nitroglycerine, but consisting rtf a nitroaromatic hydro- 
carbon in conjunction with ammonium nitrate vu’th or 
without sodium or potassium nitrate ; (2) those containing 
nitroglycerine and combustible matter in conjunction witli 
a nitrate ; (3) those containing potassium perchlorate. 

It is noticeable that tl^ only explosives containing barium 
nitrate are those rich in nitr^lycerine (20-30 per cent.) and 
containing no nitroaromatic compound, and that all^tb“ 
perchlorate explosives are also* rich in nitroglycerine (20*^40 
^or cent.) exc^t Cunderite, wtich contains only 8wj.a parts. 

^ 3 f the- “ Coolers," the cl^Jorides of sodiiJm, potassium and 
ammonium are all us^d, of which the potassium salt seems to 
be the most effective. Ammonium chloride tends to spoil 
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detonation, and in any case can only be used in conjunction 
with sodium or potassium nitrate, aj d fixed base must be 
provided with miich the chlorine fiberat€d can combine. 
Ammonium oxalate is also used as a cooler, but its use up 
to the present is confined, to explosives containing nitro- 
glycerine. It i% present in large quantity, 25-40 per cent., 
in all the perchlorate mixtures except Samsonite No. 2^. ^ \ 

The most poweriul explosive on the list is Victor Powd?r, ' 
containing about 9 per cent, of nitroglycerine and giving a 
swing of 2 ‘96 in., the next most powerful being Nationalite 
No. I, containing as explosive ingredients only T.N.T. and 
ammonium nitrate, and giving a swing of 2 ‘91 jn. 

No attempt will be made to enumerate all the explosives 
oil the list, but the following tables give some of the chief 
ones arranged for puq:)oses of comparison. In all cases, the 
“ swing " is that given at the ballistic pendulum by 4 oz., 
and is to fie compared with the swing of 3*27 in. given by 
the same weight of Gelignite containing 60 per cent, of nitro^ 
glycerine. 

The mean value of the maximum and minimum parts by 
weight as set forth in the List of Permitte^l Explosives is 
given in all cases. 


F.xplosives coNT.WNiNG yo NG. 


Explosive. 


Bellite No. 2 
Bellite No. 4 
Abelite No. i 
Nationalite No. i 
Bellite No. n • • 
Nationalite No. 2 
Robu^te No. 4 . . 
RIntite . . 
Anckorite . . 
Expedite . . 
Denaby . . 

Super-Curtisite . . 


H 


k 

0 

y . 

c 

0 

p; 

0 

/; 

u 

D 

1 

« C 

K*- 

&)) 

.5 

ax. charge 
(ounces). 

h 

Q 


X 

z'. 

X 


Va k 

IT; 



12 

61 


-- 


• 

27 

— ‘35 

•2-42 

32* 

- 


(>8*5 

' 

— 

— 

18 

-75 

272 

12 

( j-'j 


08 


- 

— 

17-5 

— ' -5 

2H5 

14 

!■> 


()(» 


— 

— 

IT 5 

— 1 -5 

2‘g2 

12 

15 

1 — 

0.3-5 

. .r 

— ' 


16-5 


274 

20 

! cs 

j — 

03 5 

— ^ 

_ . 

21 

— 

- *-5 

2*6^ 

20 


(>0-5 

-• 



— 

^2*5 

V 1 '75 

2-80 

1 8 

15 


34 

3r5 

— 

— 

— ' 

17 li 

2-64 

18 

12 


34 

-- 

31 

— 

— 

20. 1 75 

2-73 

14 

12 


34’ 3 

,i]>5 

— 

— 


20 75 

2*62 

H 


— 


— 


— 

^ 0 ^ .75 

274 



.3-H'5 



j“ 

• 

22 |i •- 

271 



* This was the largest charge that could be loaded into the gun. 
t Contains also 3 ' 5 - 5 '5 parts of starch. 
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In the preceding table the following comparisons are 
teresting, Bellite and Abelite No. i are almost identi- 
cal in composition, except that in the latt k half the D.N.B. 
has been replaced by an equal weight of T.N.T. This has 
increased the power and at^the same time raised the maxi- 
mum charge by 2 oz. In Nationalite Nb. i the substitution 
been taken further, with the result that still greater 
power is obtained, although the maximiim charge has fallen 
back to 12 oz. Bellite No. i differs only from Nationalite 
No. I in containing less salt and rather less ammonium 
nitrate which, surprisingly enough, has caused a falling off 
in power and an increase in the maximum charge. This may 
be due to inflrence of wrapper, or more likely to a different 
method of incorporating the ingredients. Anchorite ‘7«id 
Expedite are ver>' similar in composition, although the 
maximum charges show a big difference. , 

The following permitted explosives contain no nitro- 
glycerine, and all contain a very large excess oi oxygen over 
and above that required for the complete combination of 
the oxidizable ingredients 


Explosives con#aining ’no N.G. 

lUT 

A Large Excess op Oxygen. 


1 1 


! ' M 


Explosive. 

■ 1 ^ 

‘A 'i.'i i 5 . 
A y. i 

f 

1* ! 5 i a j i 

n 

rt ^ 

H 

C H < 


M S; W 1 < K 1 w 

s 

Drcadnaught i , 


* 

“|~ 


Powder • .* 4 

— — 75 

15-5 

— — —'5-5 2-05 

32 

Westfahte No. 3 5 

— — 59-5 

— 

i 14 — — 21 1 -5 2-55 ! 

12 

Ammonite . . — j 

5^5 “ 73 

— ^ 

— 21 — -5 2-44 1 

18 

Ammonit:? No. 4 — 

4 — 66 

10 

— “ «o — ! -5 1 76 ' 

.30 

Ammonite No. 5 — 1 

“ 5 75 

— 

— ^ 20*5 — — j -5 2-41 

2 ^ 

Ammonite No. i , — 1 

1 ! 

— 5 75 

1 

— 

— 1 20 5 — — '5 2-42 , 

i 1 1 ' 

24 


In the above, Dreadnaught Powder is interesting as having 
a large maximum otargc, although it contains very^it^e 
cooler. Also, the difference^in the maximum charge^ of 
-"Ammonite and Ammonite Np. 5 is bigger thanj^ne would 
e/ cct J-^ni the slight difference in com^sition. ^he only 
difference between ^he composition of Ammonite No. i and 
Ammonite No. 5 is that the latter is put up in waxed paper 
and the former in metal foil cases. * _• 
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Explosives Poor in N.G. 


Explosive. 

i 

d 


0 

a 

< 

0 

UJ 

Super-Excellite 

4-2 

3 

75‘2 

7*2 

Super-Excellite 
No. 2 .. 

5 



.50 

20 

A I Monobel . . 

10 

— 

60 

— 

A 2 Monobel * . . 

10 

9 

59 

— 

Thames Powder 

No. 2 . . 

10 

9 

58-5 


Viking Powder * 
No. I . . 

10 

9 

59 


Viking Powder * 
No. 2 . . 

8'5 

8 

67 

1 j 

Rex Powder 

12 

7'7 

59*5 


Sfomonal No. i 

10 


5^> 

] 1 

Stomonal No. 2 

10 

(■) 

61 


Monobel No. i . . 

8-5 

18 

()8 

, — 

Victor Powder . . 

87, « 

()8 

— 

Victor Powder* 

No. 2 t • . . 
Du Font's Per- 
missible No. I 

8’5 

8 

Ob’5 


9'5 

7-3 

<>7’5 

1 


21 

19*5 


15 

19-5 


17 

“ 15 


I 






C> 

1 , > 

i 

0 

a 

d 



< 

X 



— 


- 

- 

10 

‘75 

— 

5 

15 

•75 

20 

— ■ 

— 

I 

20 



I 

— 

- 

— 

I 

r 



— 1 

1 




< — 

I 

— 


*•“ 

1*2 

1 

— • 


I 

” 

- 

f) 




- 

I 

15 

!” 

— 

' I 

\^5 

1 

-- 

1 

I 



1 

•75 


10 


278 P28 
22 


274 

272 

278 

2*44 

2-59 

2 '44 

2'59 
2 ’6 1 
2'68 
2'57 
2’8i 
2*()0 

2*03 

2 ’82 


Contains in addition '5-1 ‘5 MgCOj. | Contains m addition 0-2 MgCOg. 


Of the powders in the abo\‘e list Ai*Monol 5 el and vStomonal 
No. I both contain a large excess of oxygen, this being reme- 
died in the case of A2 Monobel by the addition of wood meal. 

A2 Monobel is almost identical .wi{h Viking Powder No. i, 
except that in the latter spdium chloride has been substituted 
for potassium chloride, the result being an increj^sed maximum 
charge with the same power contrary to what would be ex- 
pected (cf. iftonobel No. hnd Victon Powder). ^On the 
bther hand, Thames Bowder No. 2 is almost identical with 
Viking Powder No. i, but has a smaller maximum charge, 
although^t is more powerful, ^s these explosives are made 
by different firms the variatjij/n may^ be due to different 
iftixmg or to a different amoiipt of wax on tlie wrapper. 

Victor Powder and Victor Powder, No. 2 are ve^, 
similaiti 5 l^cept for an optionil 0-2 per cent, of njagnesium 
carbonate in the latter, and theMifference in powei is quite 
remarkable. The official definition gh^es in each case nitro- 
glycerine 7 ’5-9*5, potassium chloride 14-16, and wood meal 
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7-9. For Victor Powder the ammonium nitifete is given 
66‘5-69'5, and for'\Jctor Powder No. 2 as 65-68 witl 
magnesium carbonate |-2. Consequently without departini 
from the definition the two explosives could be made up t( 
have the same composition, ^and this serves as a good exampL 
of the excessive allowr.nce for manufacturing error permittee 
m the definition (see p. 126). Du Pout’s Permissible No. i i: 
tne only American made explosive on tjie British Permittee 
List at present. It is vejy similar to Viking Powder No. 2 
Dynobel No. 3 and No. 4 have the following composition 
and represent an intermediate stage between the foregoinj 
explosives poor in nitroglycerine and the explosives rich ii 


)giycermo ; — 

Dynobel 

Dynobel 


No. 3. 

No. 4. 

N.G 

14-16 

14-16 

C.C. 

• • ' 25-*75 

•25-75 

D.N.B. 1 

• 


D.N.T. 

• 2 * 5-5 

2-4 

T.N.T. I 



AmNOg • 

• . 51-54 

44-47 

W.M 

. 4-6 

4-6 

NaCl 

. . 24-26 

28-31 

MgCOg . . 

0-1 

O-I 

H2O 

0-2 

0-2 

vSwing . . * ^ . 

2*50 

275 

Max. charge 

18 oz. 

30 oz. 


Dynobel No. 2 is similar, bht contains more nitroglycerine 
18*5-20 ’5 puitk 

Explosives Rich in N.G. 


% 

• 



• 



« 

9 




S) 

Explosive. 

6 

u 


n 

0 ” 

f « 
0 
y. 

(fl 

n 

0 

% 


0 

s 

0 ^ 

.S 

‘i 

^.1 

^ 




55 

(S 


u: 

y 


X 

VI 

S 

Britonite No. i . . 

24c 



35® 

_ 

— 


30‘5 

— 

8 

3'2 

2-26 

24 

Pitite No. 2 

24 

— 

34 ‘5 

— 

— 

— 

29*5 ; 

— 

8 

3*7 


32 

Super- Kolax • . . 

12,5*5 

— 

27 * 

•7 


— 

25*5 

— 

7 

3 

2*10 

30 

Super- Kolax No, 

!28-5 

I 

128 ' 

8*5 

5 

— 

16-5 

— 

9*5 

3*5 

2*21 

32 

Cambrite.^ 

12.3 

— 

33*5^ 

— 

3*7 

— 

27'5 

— 

8 » 

V 

1*98 

30 

vvnai^ile 

25 

1 — 


— 

3 

— 


— 

5 

3*7 

2*21 

20 

Britonite No. 3 . . 

.4-5 

1 

1 

^ . 

— 

— 

1 

28 

12 


3 

1 

2*59 

22 


* This was the greatest weight that could be loaded into the gun. 
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It should be noticed that Britonite No. 2 and Pitite No. 2 
are very similar, and the two explosiy?s- could be made up to 
have the same composition withou' departing from their 
official definitions, although the maximum charge differs 
by 8 oz. 

It will further be observed that k all these explosives a 
large quantity of wood meal is used to absorb the nitifT 
glycerine, and that^ except in the case of Britonite No. 
deliquescent salts are not used. ,This' is on account of the 
danger of water being taken up and displacing the nitro- 
glycerine. 

A comparison of Duxite and Arkite No. 2 is very in- 
structive in showing the great difference in maximum charge 
thftt can be brought about by a slight difference in composi- 
tion. Duxite is a German-made explosive that was placed 
on the British permitted List in 1914, although it has since 
been removed. Arkite is made by Kjnoch-Arklow, Ltd., 
and was also placed on the list in 1914, and is still there. Tho 
official definitions of these explosives are— 



Duxite. 

Arkite No. 2. 

N.G 

•• 31-33^ 

31-33 

C.C 

75 - 1*5 

* 5 - 1*5 

NaNOg . . 

27-29 

— 

KNO3 . . 

.. • — 

. 26-28 

W.M 

8-10 

8-10 

AmOx 

... • .. 28-31 

29-31 

HoO 

0-2-5 

- 0-2 

Swing 

. . 2-45 

2*41 

Max. Charge 

. .. 12. oz. 

40 oz. * 


^ As will be seen, the ‘two explosives are almost identical, 
except th^ Duxite contains sodiiun nitrate in place of 
potassium nit rate . The enormous difference in the maximum 
charges is probably due to the M^rapper/ Arkit“ No. 2 being 
pul up in parchment paper and Duxite in paper water- 
proofed with paraffin wax. ^ 

The only Permkted Explosive which is a true^ielly ft 
Super- Rippite. It is officially defined as lollows : — 

* This is the greatest charge which may be loaded into the gun. 
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N.G 

' 51-53 ^ 

C.C. .. 

2-4 

KNO3 \ 

• • i3*5-i5-5 

Borax (dried at 100“ C.) 

• • I5-5-I7-5 

KCl 

7-9 

HgO (total) . . ... 

.. , .. 5-8 

^ Swing 

. . • • 2*53 

’ JVIax. charge 

18 oz. 

It is put up in non-waterproofed 

wrappers of parchment 


paper. Samsonite No. 2 and Samsonite No. 3 are somewhat 
similar, ,but the former contains 10-12 parts of potassium 


perchlorate. 

% The following explosives containing potassium perchlorate 
are on the Permitted List : — 

I 


Explosives containing Perchlorate. 


* Explosive. 

• 

. 

0 

y. 

. 

d 

u 

T.N.T. plas 
D.N.T. 

Starch. | 

1 

« j 0 

1 ui 

• 

0 

5 

< 

0^ 

bT 

Swing. ! 

Swale Powder . . 

19 

1 

4 — 

9 37'5 

28 

I 

2*50 

Ajax Powder . • 

22'5 

*75 

3 L" 

, io'5 37'5 

25 

■75 

2'Gg 

Neonal . . 

21 

I yp 

• 2 - 

15 , 37 

25 

I 

2‘5G 

Dynobel . . 

325 

'75 

— , — 

9'5 : 27 

29’5 

'75 

2'6i 

Herculite 


1 

— — 

! 9 j 27 

29 

1 

272 

Neonal No. i 

40 

2 

• 

• 

1 4'5 14 

.39*5 

'5 

2*51 


Among these it is noticeable that Dynobel and Herculite 
are almost Mentical in composition and could be made to 
have the same composition without depajting from the 
official?’ definitions* The difference of the^aximuffi charges 
is 6 oz., which may be accounted for by a different 
method of mixing, as Jhe explosives are made by different 
firms, Dyifobel being made by Nobel’s Explosives Co., Ltd., 
and Herculits by the British Explosives Syndicate. ^ 
Bohbinite^is a non-detonating explosive of the gunpowder 
-type which Jias*failed to pajs the Rotherham test, but the 
* >c o^*wliich is permitted under certain conations until 
December 31st, 1^19. There are two definitions, of which 
the second is the most popular— 
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KNO, 

C 

S 

Ammonium Sulphate \ 
Copper Sulphate 
Paraffin Whx 
Rice or Maize Starch 
Moisture 

Density (not exceeding) 


1st Definition. 2nd Definition. 


b 2-65 

63-66 

w-m,. 

18-5-20-5 

I ' 5 - 2-5 

1 ' 5 - 2-5 

13-17 

— 


7-9 

— 

2 - 5 - 3 ' 5 , 

0-2-5 

0-3 

If42 

.1*48 


Each pellet must be coated with paraffin wax of £y melting 
point not less than i20°Fahr,, and be contained in a wrapper 
of brown paper. There is no limit to the charge which may ^ 
be used. 

* The conditions for its use are as follows :~It may only be 
used “ for bringing down coal (whether by shots placed in 
the coal or by shots placed in the stratiwi immediately above 
or below the coal) and only in . . . mines which are ndi 
liable to blowers or sudden outbursts of firedamp, and in 
which firedamp does not exist in the coal at a pressure which 
makes the use of such explosives dangerous, and in which the 
dust ... is either naturally* so dargcly composed of in- 
combustible matter as not to be dangerous or has been 
rendered so by artificial means.’,’ 

“ The explosives shall only be Ksed with an electric fuse 
containing 5 grains of gunpowder or with other means 
equally efficient in igniting the explosive, but not with a 
detonator or electric detonator.” 

German *E3^plosives.-^A considefable num,ber of 
Wettersichere 'Sprengstoffe ” are available for use in 
German coal mines, of which the following give a fair idea 
of the tyt^&s used 


Ncu Westfalit. 

D.N.T. . . lo-g 

AmNOs . . 70*3 

Floffr . * 2'0 

NaCl . . i6'8 

Max. charge 540 grams. ’ 


Wcttcr-Fe.lmenit. 

T.N.T. 5-5 
G.C. . 4-0 

AmNOj .. fS-.S 
C • .. 

Paraffin oil 2 "5 
NaCl . . lo-o 
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Dahmenit. 


• 


Naphthalene 



6-5 

AmNO^ 



91 '3 

K2Cr207 



2'2 

• 

• 

Dorfit I. 

Dorfit II. 

T.N.T. 


... . 

15 

AmNOj 


.. 6 i 

65 

* KNO3 . . 


‘ • .5 

5 

Flour . . 


4 

4 

NaCl .. 


. . 20 

15 

' Max. Charge 


532 grams. 

300 grams 

Tremonite S. II. 


Gelatin-Carbonit. 

Dinitrogfvjerol 

33 

N.G 

•• 25-5 

C.C. . 

I 

C.C. .. 

(•7 

Meal , . 

12 

AmNOs 

• • 41*5 

T.N.T 

2-5 

Glycerine and Gelatine 7‘0 

AmNOs 

26*5 

NaCl.. f. 

• • 25-3 

NaCl . . 

25 



• Gelatin-Weitcrastralit 1 . 


Dinitrochlorhydrin 

i6 

W.M. 

•5 

N.G. 

4 

AmNOo 

.. 40 

C.C 

• -s* 

NaNOg 

•• 75 

M.N.T. . . 

I 

Am. Ox. 

•• 2*5 

D.N.T. . • . . 

2 

NaCl . . 

. . 14-0 

Potato meal 

• 

Oil . . 

2 


’This latter explosive probjfbly constitutes a record in 
complexity of composition. 

Austrian Eyplosiveso-'£he Austrian c«>al fields are only 
of small extent, and the manufacture, of explosives i^ a 
Government monopoly. As a result only two explosives 
are made for use in«eoal€nines. They are Dyy.ammon and 
Wctter-l 5 ynammon, andjiave the composition — 


t 


'KNO3 

C 


Dynammon. Wetter-Dynammon. 

..87 94 * 

.. ir- • -2 

• •13 4 


Belgian Explosives. — considerable number of 
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explosives are' on the Belgian I^ist of Explosifs S.G.P., of 
which the following are typical examples 

f 

Dynamite Anligrisouteuse 11. Grisoutitc. 


N.G. 

.. 44 

44 

W.M. 

... 12 

T2 

Na„S04.ioiH20 , . 

. . zf 4 

— 

MgS04.7Hj0 . 


44 

Charge limite 

650 grams 

300 grams: 


Kohlen Carbonite. 

Minitc. 

N.G. 

♦. 25 

25 . 

KNO3 . . 

•• 34 

35 

Ba(N 03)2 . . 

1 


Flour 

.. 38-5 

"39*5 

Tan Meal 

I 

__ 

NaaCOg .. 

■5 

*5 

Charge limite 

. . 900 grams 

750 grams. 


Pcimonite S.G.P. 

Youckite 10 bis., 

N.G. 

.. 6 

— 

T.N.T. . . 

.. 7 

10 

KCIO4 . . 

•• 24-5 

— 

AmC104 . . 

. . — 

25 

AmNOg . . 

. ‘ « 29-5 

30 

NaNOg . . 

. . — 

15 

Flour 

. . 4 


Glycerine gelatine 

’ ^ 

' • .i 0 

— 

W.M. 

• 3 

-- 

NaCl 

' •• 24-5 

20 

Charge limite 

. . 900 grams 

t. 

% 4 

A large numbei;of ammonium nitrate explosives are also 

the list of explosifs v^.G 

P., of which the following table 


gives a fe\^typical examples ; — 


^ fetplobive. 

1 is 

! 'A i 

1 

a 

0 

^ : a , 'i III 


1 . 

♦ 

; 


Denbite 4 i. . . 1 iq 


1 81 

45*5 

“ 1 r:7'5 850 . 

Densite 3 . . . . 4 

— 

74 


22 — 1 — ( 700 

Favier 2 bis. . . — 

2'4 

77’§ 

— 

; 20 500 

Fractorite B. . . — 

2*8 

75 

— 

-• 2*2 j 20 450 
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0 0 ^ 

A calcium silicide explosive. Sabulite Atitigrisouteus^ 
is also on the list, andfhas the composition— 

T.N/f * . . ^ 6 

AmNOa 54 

KNO3 .. ... , .. 22 

AmCl * . . • . 13 

• • 

French Explosives. — The French •explosifs de surete, 
3r explosifs antigrisouteu^es, are defined by calculation of 
temperr^turc of explosion, and are divided into two classes, 
eiz. “ Grisounites roches,” with a temperature of explosion 
Df between C. and 1900° C., which can only be used in 
rock, and Grisounites couc^s with a temperature of ex- 
plosion below 1500'^ C. which can be used in coal, 'fhe 
[ollowing arc a few exani];)les : — 


Explosil. i 

M.N.N. 

’ 

D.N.N. 

T.N.N. 

AmNOj. 

NaNOj. 

KNOj. 

N la, bis. couchc*. . 



5 

95 



N 4 couche 

- .. 


5 

90 

— 

5 

Nib, bis. roche , . 

— 



91*5 

! — 


N ic, bis. rochc «. 

— 

12-0 

— 

87*4 

— 

! — 

N 2 roche . . 

20 

• -• 

■ — 


80 

' — 

N 3 roche . . . . | 

— 

— 

27 

15 

58 

— 


LITI^RATURE 
^ Commissions 

A summary of the reports of the various commissions first appointed 
to inquire into the use of Explosive*? in coal mines will lie found in “ Revue 
Univcr»elle des Min^," 2nd Series, fols. 18 and jg (Li^ge. 1886), The 
British Report was published as an official, document, " Final Report^jf 
H.M Commissioners Appointed to Inquire into Accidents in Mines *’ (1886), 
and the French Report in *' Annales des Mines/' 1888, and in " Congrfis 
International des Mines," rff 89. • 

•Flame 

• • ^ 

C. E. Bichel, " Testing Explosives," English translation by A. Lafsen, 
London, 1905. • • 

1^9. f - 7 - 

S.S.,,I9«8, p. 408 ; 1909, pp. 3I3, 343. 

P.Sn 1910, p. 1 6a. • 

Bulletin of the U!s. Bureau of l^xnes. No. 66. 

Reproductions of fflame photographs will also be found in A. Marshall, 
" Explosives," London, 1917. 
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Galleries 

The U.S.A. Gallery is described in detail iii Bulletin of the Bureau of 
Mines, No. 15. This publication contains muth interesting information 
on " Permissible Explosives," and together with Bulletin No, 06 .should be 
studied by any one interested in American conditions. Unfortunately it 
does not give the composition of the explosives used. 

The British Gallery a| Rotherham is described with drawings in A.R., 
1912. p. 83. 

An account of the Continerital galleries will be found in A. Marshall, 
" Explosives," and P. F. Chalons, " Les Explosifs Moderncs." , 

The effect of turbulcijce on the ignition of gas mixtures is discussch 
in Soc., 1919, p. 87. 


Wrappers 

" VIII. International Congress of Applied Chemistry," vol, iv. p. 138, 


Size of Bore Hole and Gallery 

I 

S.S., 1910, pp. 221, 225 ; loii, pp. 321, 344. 371- 


< Permitted Explosives^ 

The composition of the explosives on the British Permitted List will be 
found in the following " Explosives in Coal Mines Orders — 


September ist, 1913. 
February loth, 1914. 
April 7th, 1914. 

May 13th, 1914. 

June 22nd, 1914. 
August 29th, 1 91 4. 
January 15th, 1915. 
January 28th, 1915. 
April 1st, 1915. 

July 3rd, 1915- 
August 1 6th, 1915. 


February 3rd, 191O. 
April 14th, 1916. 

April 26th, 191O. 
September 2* St, 1916. 
November 21st, 19 lO. 
May 9th, 1917. 
November 5th, 1917. 
May 30th, 1918. 
August 2nd, 191S. 
November 28th, 1918. 
January 25th, 1919. 


The composition of a large number of continental cxplosi /cs is given in 
A, Marshal], " Explosives," London, 1917. 



Section VI. -PERCUSSION CAPS, DETO- 
* NATQRS *AND FUZES. 

r«Er actual mechanism of detonation is^uncertain, but it is 
probably either a very rapid wave of compression raising the 
temperature locally in successive layers, or it is a vibration 
of the nwlecules of such a nature that it causes disruption 
into more stable forms of matter. In any case, when the 
majority of by plosives burn the rate of burning increases 
until it reaches detonation, the velocity of detonation tb^n 
remaining practically constant. 

In order to be suitable for use as an initiator an explosive 
must be of such a nefture that the acceleration i.s very rapid, 
f)urning passing into detonation in the least possible time. 
Further, it mvst keep well, and although for some purposes 
sensitiveness to shock is essential, this must not be so ex- 
cessive that the manufacture and handling of the material 
is accompanied by undue dai!ger. 

No chemical compound fulfils all these conditions, and 
of the various ones yiat hiive been proposed from time to 
time only two have been found suitable for practical purposes, 
viz. mercury fulminate and' lead* azide. Of these mercury 
fulminate possesses fair acceleration, and is not unduly 
dangerous to handle when proper precautions are taken. 
It, however, is exjJbnsive, does ifbt keep wqJI, and the mercury 
fumes evolved during its explosion hUve a tad effect on brass 
cartridge cases. Also, like all mercury compounds^it- is ver>^ 
poisonous, end consequently workers must be carefully pro- 
tected from ijiihaling dust, hnd special means must be teken 
to dispose of .effluent such as *vash water, which may contain 
traces of mejeury. This is particularly necessa^ when the 
ctory is Situated near rivers containing fish. 

I^ead azide, on the other hand, possesses excellent accelera- 
tion, and keeps well. It is less sensitive than mercury 
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fulminate wllen in small crystals, but, unlike fulminate, it 
readily forms large crystals, and these are so sensitive that 
they explode when touched even wdieii under water. It is 
somewhat less expensive and less poisonous than fulminate, 
but, on the other hand, the plant required for its manufacture 
is much more erpensive. 

Mercury fulminate is still the most used initiator, but 
lead azide is comirvg into more general use, and probably 
in the future will displace fulminate to a considerable extent 
The properties required of an initiator depend a good dea 
on the conditions under which it is to be used, 'blasting 
charges are always fired by means of a fuze or an electric 
current, so that, provided the initiator is sensitive to heat 
th:re is no need for it to be sensitive to shock. On the othe: 
hand, except in the case of non-detonating explosives sucl 
as gunpowder, it is required to detonate the explosive and no1 
merely to start combustion. Hence, detonators for blastinj 
purposes require to be powerful, as otherwise the charge wil 
either be merely ignited, or detonation will be ‘incomplete. 

Propellants, on the contrary, are not detonated, bul 
ignited, so that a weak initiator is used, this firing a priming 
composition or “ flaming mixture,"^ which in turn fires the 
propellant. These flaming mixtures are of a yer}^ inflammable 
nature, and consist usually eithei of fine grain gunpowder o: 
of antimony sulphide mixed with an oxidizing agent. Ir 
the case of small arms only slight power is available, tbal 
due to the fall of the hammer, so that an initiator verj 
sensitive to shock must be u^d. With^ quick-firing guns 
iqore power is av,s.ilable. With heavy ordnance ple'nty ol 
power is available, so that great sensitiveness is not required 
and the ii^tiator in this case usually, contains no explosive 
properly so called, but is more akin to match composition. 
NayM guns and guns of position are frecjuently fired electri- 
callyf so that sensitiveness to heat only is called for. 

Merjury Fulminate, Hg(QNC) 2 .‘-~This‘is’iin^endother-* 
mic compound, the ‘heat of formation beiitg — 62*9 6al. It 
is always manufactured by the action of. ethyl alcohol on a 
solution of mercury in nitric acid. The reaction is a very 
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violent one, and in order to obtain a satisfactory yield the 
manufacture must carried out on what is practically 
a laboratory scale, only about 3 lbs. of fulminate being made 
at a time. Several recipes have been published differing 
only, in minor details, but the following description gives a 
good geneAl idea of how tfie m*anufactifre i§ usually carried 
.out. 

• The plant consists of glass bottles ^or retorts of about 
50 litres capacity eatdi, each being connected to a stoneware 
or silica worm condenser and with a brick scrubbing tower. 
Ample draught must be provided to draw off the fumes, as 
they are very poisonous. They consist largely of nitrous 
'acid, aldehyde, ethyl nitrate, ethyl nitrite and unchanged 
alcohol, and arc highly inflammable. The process is carried 
out by dissolving 500 grams of mercury in 4500 grams of 
nitric acid (D — 1 400) . The solution of mercuric nitrate thus 
obtained is warmeef or cooled to 25'^ C.,*and 5 litres of 
^4 per cent, spirit added. The reaction starts after about 
1 5 minutes, and la§ts for about three-quarters of an hour. If, 
however, the temperature of the nitrate solution has been 
much below 2^° C., it may be necessary to apply gentle heat 
in order to start the reaction, whereas if the temperature has 
exceeded 25 °C., the reaction may be uncontrollably violent. 
During the reaction Jhe temperature rises to about 85'^ C., 
and much liquid distils over and condenses. This distillate 
is not of great value, but can bemused to replace part of the 
spirit for tht next batch. When the reaction is over the 
contents of the vessel are allowed to cool, about i litre of 
water fe added,ranS the whole then poured mit into a porcelain 
dish, and the funninate thoroughly washed with cold water, 
first by decantation ai;^l tl^n on a muslin filter. JThe wash 
waters are* collected, made alkaline with lime, and the 
mercury thiw prefipitated*, filtered off, and reco\^d. 
About 10 pe&cent. of the totai mercury used is recoverdd by 
■this means, end after the jjrecipitated mercury has been 
f ‘tereeVoff the liquors ca^i usually be ?afely run to waste,’ 
although, as a maUer of safety, they should be dealt with 
so that they do not find their way by infiltration into any 
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drinking wat<?^r sui)ply or into any stream stocked with 
fish. « 

The fulminate thus obtained is quite safe so long as it 
is preserved wet. It is only dried immediately before use, 
the drying being carried out by spreading it on paper tjays 
in a stove heated to '35° C. These* stoves usually tike 100 lbs., 
and great care must be taken not to unload them until thq ^ 
fulminate is quite cqild, fulminate being much more sensitive 
when warm. Thus obtained, it forms» a grey powder, the 
yield being about 650 grams from 500 grams of mercury, 
which corresponds to about 90 per cont. of theorrr. If a 
little metallic copper and hydrochloric acid is added to 
the nitrate solution just before the spirit, aq hlmost white^ 
product is obtained, but this is less pure than the grey. 

Fulminate has a specific gravity of about 4*4, and 100 c.c. 
of water dissolves -07 gram at 13° C., ’17 gram at 49° C., 
and *8 gram at *100° C. It can be qualititatively estimated 
by titration with thiosulphate — 

Hg (ONC) . +2Na2SP3 -| -2H2O -Hg(S203) . -f- 2Ci\ -F 4NaOH. 

N\ ^ /N 

Lead Azide, || /N — Pb— N<; fi . In making lead azide, 

metallic sodium is first coiiverb^d int^o soclamide, NaNHo, 
by heating it to 350“ C. and then pUssing a brisk current of 
dry ammonia gas over the surface. Considerable heat is 
evolved, and by using a fairly brisk stream of ammonia the 
temperature if^ maintained during the reaction without 
external heating. .The reaction is easily fbllowed byitesting 
the gas at the exit, a rajtid falling off in the hydrogen content 
indie at in§^ that the whole of the sodium has been used up. 
The sodamide thus formed is next converted into sodium 
azi^l^ by heating it to i5o°-25o*^ C. hi a stream of nitrous 
oxide (laughing gas)— , 

. 2NiaNH2 N2O = + NaOH + NIJ 3 ^ 

• r . 

The sodium azide thus formed is dissolved in water, and 
lead salt thrown down by double decomposition with lead 
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acetate. It forms a white crystalline powder wliicli is almost 
insoluble in cold water ,♦ and not much more so in hot water. 
It has a tendei'i(?y to form large crystals, and these may 
explode spontaneously even when under water. Small or 
modecate crystals are less sensitive to sl^ck and heat than 
mercury fulminate, and owing to it^ high ac^’cleration it is 
more effective as an initiator. Thus it has been found that 
whereas *25 gram' of fulminate was refjuired to detonate 
trinitrotoluol, -05 grasn oL lead azide was sufficient under 
the same conditions. It is chiefly used in conjunction with 
tetryl or^T.N.T. in composite detonators. 

Other sensitive chemical compounds, such as diazo- 
benzenc nitrate; nitrodiazobenzene nitrate. lead picrate and 
nitrogen sulphide have been ])ropo.sed for use as initiatoi^s 
from time to time, but with no success, as in all cases the 
acceleration is too slow. 

^ Caps. — Cap composition for small arms is* usually a 
mixture of fulminate of mercury, potassium chlorate, 
antimony sulphide and other oxidizablc matter to which 
ground glass is frequently added to increase the sensitiveness. 
For ordnance, where more powe^r is available, the fulminate is 
usually omitted. Sometilnes gelatine or gum arabic is 
added to give coherence to the composition, but the addition 
is by no means necessary unft?ss the mixing is done wet. 

The following table shows the composition of some 
British and Austrian caps : — * 



Bnli>h 

S.M. 

(Cordite). 

British 

•(Cordite). 

British 

OiF., 

(Cordite), 

Austi lan, 
for riileb 

4 

Au‘iriaii, 
for shot 
, guns. 

Austrian, 
for friction 
tubes 

» 

Fulminate . . 

8 

10 


13*7 

33*0 


KClOa 

14 

330* 

* 12 

4i‘5 

210 ' 

Sb*S, 

- 18 

42'0 

18 

33-4 

— 

33*1 

Meal G.P. . . ' 

I 

.'^■4 

*. I 

— 

— 

— 

S 


^2-4 

I 

— 

— 

— ^ 

Glass 




107 

43’2 

• 

CJum 


— 

— 



•7 

tMatine . 

- j 1 





i'3f 











Herz has suggested the uSe of copper ammonium thio- 
sulphate, prepared by treating co])per ammonium sulphate 
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with sodium 'thiosulphate, and lead thiosulphate in con- 
junction with potassium chlorate, and has claimed good 
results with the following mixtures, although they do not 
seem to have come into use : — 

KCIU 3 :■'■■■ '57'3, 54‘5 51 s 53 '' 

Cu(NH3)4vS203 .. 427 40-5 37-1 27-5 

rbSaOa - 7'4 5'5 ’ ■ 

Sb2S3 .. -• — — 11 ‘0 * 

Glass — • 4*0 4'0 3-0' 

In preparing cap composition the ^^owdered ingredients 
are sieved separately and then mixed, cither in the wet or 
in the dry state. In Great Britain and in Fr^Ace the mixing" 
is usually done dry, but in Austria and Germany wet mixing 
is frequently preferred. When the mixing is carried out 
in the wet way it is absolutely necessary to add gum or other 
binding material to prevent the irfgredients separating. 
Sufficient water, in whi(Jh the binding material has bedn 
dissolved, must be added to form a thick muj, but an exces- 
sive amount must be avoided, as if present it will carry away 
some of the chlorate and also interfere with the granulating 
of the material. Too little whter,<jn the other hand, renders 
the composition dangerous. In any case, great care must be 
taken that none of the composition gqts on to the edge of the 
mixing dish and becomes dry. In order to avoid loss of 
chlorate by solution in tht^ water, alcohol is sometimes added, 
as by this means the solubiUty of the chlorate is greatly 
lowered. Imany case, after mixing the composition is 
^granulated by rubbing through horse-ha\r or silk slaves, and 
then dried and sifted.' It is not advisable to load the caps 
with tb^ wet composition and then^dry them as was done at 
one time, as under these conditions the composition is apt to 
a hard mass which is hnduly sensitive. For use in 
the wet process the fulminate is not, of cojirse, dried, the 
paste ^con^aining about 15 ]ger cent, of t/ater being usedr 
When mixing by The dry niethqd the ingredients; jwith the 
exception of the fulminate, are first piixed, the fulminate 
then added and the mixing relocated. The object of this 
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procedure is, of course, to do as much of ftie mixing as 
possible before adding the dangerous fulminate. Owing 
to the dangercJins nature of the substances dealt with the 
mixing is done in ver>^ small quantities, from one-half pound 
to two pounds being the usual charge. ^ The plant used is 
very simple, and conusts either of a papitr mache dntm 
revolved by hand, or of a cloth or light leather “ jelly-bag." 
When the drum method is used the praiiminary mixing of 
the ingredients other- than* the fulminate is assisted by the 
addition of soft mbber balls, thus converting the papier 
mache dlum into a ^rt of crude ball mill. These balls are 
removed, however, before the fulminate is added. 

The “jelly*bag" is probably the best and most used 
nyxing machine, and is shown in Fig. 22. It consists of*a 
conical bag of cloth or light leather, the upper and wider end 
being attached to a frame. To the inside jDf the apex is 
ajttached a cord carried over pulleys to the operartor, who is 
at a safe distance and behind a suitable screen. By pulling 
the cord the bottom of the bag is raised, thus turning over 
the contents and mixing them, a movable stop being pro- 
vided to prevent the cord being j^ulled too far and thus causing 
the contents of the bag be spilt. On releasing the cord 
the bag is returned to its normal position, either by the 
weight of the composition •or by a counterpoise. Some- 
times rubber discs are added to make the mixing more 
thorough. During the mixing a Vessel of water is placed 
under the b&g to catch any composition which may be 
accidentally upset^ but wheq pixing is complete this is 
replaced by a paper box. The operator ti^^n retires behin(J 
the screen, removes the movable stop, and, by pulling the 
cord, turns the bag outade hi, the composition bei:^|: guided 
into the cafdboard box by^the conical funnel surrounding 
the bag. Th^ methf>d is extremely safe, as even shoulSfa 
charge explode during mixiilg the operator is well pro- 
•tected. To allow the operator to watch the bajg a jiarrow 
s/ t majT be mad^in the screen, but a window of Triplex 
safety glass would, probably be more satisfactory. This 
has been tested officially with most encouraging results, 
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the following description of the test being taken froi 

A.R., 1917 : — • 

“ A block of triplex Safety Glass 2 J in. thick was secnrel 
fixed by J-in. angle iron plates to a screen of timber 3 in. thicl 
antU4500 grains weight of fulminate of mercury was fired clos 
underneatfi the glass. The* result was to shatter the woode 
screen work, large pieces of timber flying 150-200 ft. in tli 
atr, but the Triplex glass, although cracked in all direction: 
was found to be atsolutplj* whole— a clear demonstratio 
of the great protection to an operator that would be afforde 
by this* glass during work with detonators.” 

The metallic cap cases are stamped out of sheet coppe; 



FiCi. 23. — Pd-cussion Cap Filling Machine. 


'or, less frequently, brass, and are varnished internally. Th 
composition is filled in in the following manner : The case 
are pkced in depfessions in a 15 ronze plate, called a “ hand, 
1000 being the usual number. Another plate, usuall 
made of ebonite, is then placed on the “ hand,”^^his plat 
having perforations corresponding to the depressions i 
the “ hand,’^ but i# placed fin such a position that the^jiew 
of perforations come between the rows of depre^sSon 
(Fig. 23). thickness of the upper plate is so chosen tha 
'he ccyre'^t weight of competition just^fills the* penbrations 
Rather more than the weigjit of composition required to fi! 
1000 caps is then placed on the upper plate and brushed int 





152 


EXPLOSIVES 


the perforations so as to fill them, any excess of composition 
being removed with a soft brush. The operator then retires 
behind a screen and slides the upper plate along the lower 
until the perforations correspond with the depressions, and 
the composition falls into the caps. The upper plate is 
then removed, and the ‘'hand" plac?d in a hydraulic or 
mechanical press provided with a number of pistons, each 
piston entering one cap. The pressure applied is about 
200-250 lbs. per cap, and usually there are sufficient pistons 
in each press to press one or two rows of caps at a time, the 
“ hand " being moved foiw^ard in order to allow the next 
row to be treated. After pressing, any loose composition 
is fanned away and the caps then varnished by placing a^ 
single dro]^ of alcoholic shellac on the to]) of the composition, 
after which the alcohol is dried off at a low temi)erature. If 
the caps are to be transi)orted a tin disc must be inserted into 
each (see page 14), and this is frequently done in any case. 
It is fixed by pressing in ])resses similar to those used for the 
composition, and is subsequently varnished. 

Caps only contain about •5-‘6 grain (say, -04 gram) of 
composition, so that the amount of composition required 
for a “ hand ’’ holding 1000 caps does not exceed 50 grams. 
Consequently it is not difficult to provide adequate pro- 
tection in the way of shields for the workers. Undoubtedly 
Triplex vSafety Glass windows in the.se shields will prove a 
great convenience by allomng the operations in progress to 
be watched, while at the same time providing adequate 
protection. o 

Officially, caps re defined as containing not more than 
half a grain of composition, or not more than ‘6 grain if 
it contains less than 25 per cent, of fulminate. If they 
contain more they must be treated as detonators (see page 
I4J^ Caps can be roughly tested by oliservdrg the marks 
produced when they are flashed against a .sheet of white 
paper at a given distance, or, more accurately, by a modifica- 
tion of the crusher feauge. More .elaborate methods deter- 
mine the length or duration of the flame,, and the tempera- 
ture of explosion is determined by an electrical or optical 
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pyrometer. References to these methods wiH be found at 
the end of the section.^ 

The use* of'niercury and antimony is objectionable with 
brass cartridge cases, as these metals have a bad effect on the 
brasi, but so far no satisfactory substitutes seem to have 
been discovered. In 4 : he same* way, the chloride resulting 
from the chlorate causes rusting. *An all-organic initiator 
wftuld be a valuable discovery, but s(| far has not been 
attained. . 

Detonators. — Detonators being required to produce 
detonatk)n and not ignition require to be much more power- 
ful than caps. Until comparatively recently they have been 
Chiefly composed of a mixture of 8o per cent, of fulminate of 
mercury and 20 ])er cent, of potassium chlorate rammed into 
copper tubes, although a great many P'rench detonators 
contain only fulminate. In recent years composite de- 
tonators have bee!i largely used in wliich, T.N.T. or, 
letter, tetryl is first pressed into'the case and a detonating 
composition pf fulminate and chlorate or of lead azide 
pressed on to the to]) of this. These detonators are practi- 
cally a detonator and primer combined, the fulminate or 
azide detonating the T.N.T., or tetryl, which in turn 
detonates the cartridge. They have the advantage of being 
cheaper than lun-cQuiposke detonators, and of involving 
the use of much less of fhe dangerous fulminate. The small 
amount of fulminate used, howen^r, has one disadvantage, 
and that is* that the effect of deterioration is much more 
marked. Fulminate does not keep well, and»if the amount 
is reduced to a*minimum, as is the^case in composite 
detonators, there is much greater chance of irregular results 
being 'obtained. This^obj^ction does not, of couj*e, apply 
to composite detonators made up with lead azide in place of 
fulminate. * 

The size, ... .^een standardized pi all 

countries, and "the following table shows the sizes, together 
\vith t|he*charge of fulmipatl-chlorate fhixture*(8o per cenl^ 
fulminate), and tl^e charges for a few composite detonators 
of equal strength 
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External dimensions. 

Charge (grams). 

No. 

Length. 

Diameter. 

F ulminate— KCIO 3 . 

T.N.Ty or. Tetryl.j 

Fulminate. 


mm. 

mm. 

\3 



I 

I(> 

, 5-5 

.'4 


r 

2 

22 ^ 

5'5 

'54 


- - 

3 

2 (> 

5‘5 

•<>5 



4 

28 

j 

•8 

— 


5 i 

3«-^2 

j 6 0 

I’O 

■3 

^ - 

6 

35 

(>•0 ! 

i'5 

■ 1 

’1 

7 i 

40-43 ' 

()•(> ! 

2-0, 0 

■/5 

'5 

S : 

50-53 

^>■7 1 

2'5 

•0 

' 5 


Of these Nos. 5 and 6 are usually used for nitroglycerine 
explosives, and No. 7 for ammonium nitratv explosives#^ 
Np. 8 is not much used, although ])robably better results 
would be obtained by employing .somewhat stronger 
detonators than is the custom. 

French pm’posite detonators have* been manufactured 
containing picric acid, but they are somewhat uncertain, ' 
and, in any case, ])icric acid in contact with copper is most 
objectionable. The copper tubes for detonators are stamped 
out of sheet copper, and on account of the dimensions only 
the very best soft coi)per can be used. The methods em- 
ployed in the filling operation are much the same as those 
used in filling caps. The empty cases arc' filled into per- 
forations in an ebonite plate, each perforation being lined 
with brass to prevent distortion, and being of such a., size, 
that the detonator is a snug but not a tight fit. Usually 
only 100 detonators are treated at a time, the charge for 
each being measurejJ out in tlie perforation^ of a sliding plate 
ill exactly the same waV as when caps are being filled. The 
pressing's carried out in presses with 100 pistons, each 
piston being a loose fit in the detonator so as to avoid 
frlt^ion. The pressure employed is aboiat 250,>kg. per cm. 2 
(60 l£g. per detonator), and this raises the density of the 
charge to about 2‘2. By using higher pr&ssure higher 
density 'is attained,^ but the eifectiveness of the 'des^pnator 
falls off considerably. After pre;ssing they are rumbled with 
sawdust to remove any loose composition, and then packed. 
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The British regulations for packing specify that the 
detonat(>rs shall be packed in sawdust in tin boxes lined with 
felt or paper, *aiid that the ends shall rest against a felt pad. 
These tin boxes are packed in outer cases, and if the package 
thu^ formed contains over looo detonators the outer case 
must be cfotible, with a space Af not less tlyin 3 in. between 
the walls. If over 5000 detonators are in one case, the case 
ihust be provided with handles for liftiiig, and the maximum 
number of detonators that can be packed in any case is 
10,000. 

Dett)nators in which the one end is left open are fired 
by means of a safety fuze, the end of the fuse being pushed 
•down until* U touches the composition and then held in 
, place by constricting the mouth of the detonator with a 
pair of pliers. Electrical firing, however, is rapidly increas- 
ing, and detonators for this purpose are known as electric 
detonators, and ar^ of two types, viz. higlf tei^sion and low 
, tension. In the high-tension detonators firing is brought 
about by ai; electric s])ark ])assing between two points and 
igniting a flaming mixture. They are not nmch used as, 
under working conditions, the high-tension current needed 
is liable to short circuitf and*the detonators cannot be tested 
before use. Low- tension detonators are actuated by the 
electrical heating of^a fiiicb platinum wire, only a low voltage 
current '(2-3 volts) bbing required. They can be tested 
before use by determining’theii resistance on a Wheatstone 
‘ bridge, a sensitive galvanometer and a very small current 
being used. The platinum wire might actuajly be embedded 
in tlfe composition, but thi*s lystem w^^uld be unreliable, as 
•it would probably be broken durin^pressing, and, in any c 3 se, 
ther^ would be dange^ of friction being set up through move- 
ments of the free ends. The system always employed is to 
solder a veiry fineiplatinilfti wire on to the leads whicirtire 
in turn cemented into the epen mouth of the detonator by 
means of sulphur or bitumen. Previous to this, however, 
*a beiftl of a flaming m^'tifre of sulphide of ^ntiifiony and 
chlorate of pot*a^h is melted on to the platinum wire. In 
use, the heating of the platinum wire ignites this flaming 
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mixture, whicli in turn ignites the detonator composition. 
As a source of current a small dynamo is generally used, the 
armature being revolved by depressing a plunger; this being 
geared on to the armatuie by a rack and spur-wheel. When 
almost at the bottom of its stroke this plunger closest the 
circuit with the .detonator, this arrangLment being provided 
so that no current passes until the speed of the armature, 
and hence the volts- ge, has had time to reach a sufficleiit 
magnitude to make ignition certain. 

vSeveral methods have been proposed for testing de- 
tonators, such as the lead block test, in’.diichthe dtH^onator 
is lired in a lead block much the same as the Trauzl block 
(see vSection VIII.) only smaller; the crater tek, in which'^ 
th^ detonators are fired in contact with a plate of J-in. lead 
and the craters produced compared ; and the nail test. This 
latter is the best , and is carried out as follows : The detonator 
is attached to a 4-in. wire nail by means of a copper wire round 
its centre, but is prevented from actually touching the nail 
by two bands of copjicr wire placed round the detonator near 
each end, the wire being *025 in. diameter (23 B.W.G.). The 
bottom of the detonator ]ioints towards the head of the nail, 
but is if in. from it. The whole ‘;s then suspended, nail 
upwards, by the leads, as shown in Fig. 24, and then fired, 
care being taken that the nail carnot be hurled against any 
hard substance. The angle of deformation of the nail is 
taken as a measure of the strength of the detonator. 

Safety Fuze. — The object of safety fuze is to ignite the 
detonator at an interval of time after the fuze has been 
lighted, thus allowing the shof firer to get to a safe distance. 
A fuze must be reliable, and not be apt to go out ; it must be 
capable c 4 burning under water whei? subaqueous blasting 
is being carried out ; and must burn at a constant rate so 
th^tHhe explosion of the charge "does noli take place before 
the fi;er has attained a place^-of safety. All safety fuzes 
consist of a core of fine grain gunpowder ^closed in an 
outer case of jute, th% outer cafe t^ing more or less Vater-* 
proofed according to the type of. fuze desired. To prevent 
the case smouldering the jute is frequently impregnated with 
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ammonium phosphate, or other suitable neutrjfl salt. Modern 
safety fti^e has a V(?r}’’ steady rate of burning of about 
2 ft. per minitt<*. 

The plant necessary for “spinning” fuze is shown 
diag^-ammatically in Fig. 25, and consists of a hopper contain- 
ing gunpofi^der^ the l®wer 2nd bf which^terpiinates in a fine 
nozzle. A frame containing from ’seven to ten reels of jute 
yftrfi revolves round the hopper, the yarjji being carried down 



Fig. 24.— Te.sling Detouatuis.^ ^ i'jo. 2j.»--l'uzc bpiiimng- 


close to the nozzle. As the powderMows out of the nozzle !he 
revolving reels enclo^ it^in a loose spiral of thnwd which 
then passes through a narrow tube. As it issues from the 
lower end of this iube aifdther set of reels revolving iirtie 
opposite direction spins another spiral of thread roynd it, 
after which^the fuze is wound on a drum and is ready for 
*watei{)roofing, etc. In^orcfer to maifltain an evefi flow 
powder from tJie hopper .a thread is sometimes made to 
pass through it, the motion of this thread preventing the 
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Office becoming choked, and at the same time assuring a 
more equal flow of powder. ' ^ 

For ordinary use in damp situations sr:fiicitnt water- 
proofing is attained by passing the fuze through tar, after 
which it is wound with tape, the turns overlapping, and then 
again tarred. F/)r subaqueous work, 'however, t’he fuze is 
usually first treated with a priming coat composed of 
Stockholm tar and leiw grade gutta-percha, and tlien coated 
with pure gutta-percha. To prese,rve this from mechanical 
damage it is usually wound with tarred yarn. 

Instantaneous Fuze.— This is a rapidly burnihg fuze 
intended for firing several .shots simultaneously. It consists 
of a wick impregnated with meal powder and then loosely'' 
spun over with yarn. The rate of burning is about 300 ft. 
per second, but it is little used now, having been replaced 
by electric detonators or detonating fuze. 

Quick-Match.— This is much the sanie as instantaneous 
fuze, but is unwound so that its rate of burning is much , 
slower, viz. about 15 ft. per minute. It is uited to some 
extent in fireworks, e.g. for firing the bursting charge in the 
heads of rockets. 

Slow-Match. — ThisisaloosVly wDven hemp cord slightly 
impregnated with potassium nitrate, so that it smoulders 
slowly. It is used chiefly in conjunetjon with pyrophoric 
alloys for cigarette lighters, and takes the place of the 
tinder used with the old-fashioiiM “ flint and steel.” It is 
also used to some extent for delayed action minesdn warfare. 

Detonating^ Fuze. — This is practically a very narrow 
cartridge of some detonating explosive in a metal '\:ase, 
T.lV.T. or tetryl being the explosive most used. It is usually 
about 4 mm. in diameter, and is put pp in coils of 50 ft. or 
more. A guncotton detonating fuze was at one time made 
in Malice by filling dry powdered ' guncotton in»a lead pipe 
15*5 njm. external diameter and 12 mm. internal diameter. 
The ends of the pipe were then closed and the xvhole drawn 
out by phssin^ thraugh a series' of ^oles in a draw-phite in 
much the same way that wire is drawn. These holes 
diminished in diameter from 15-5 to 5 mm. by inter^mls of 
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•5 mm., and then from 5 mm. to 4 mm. intervals of 
'2 mm. ^This fuze v?as said to give satisfactory results, 
but never camb into general use, and has now been displaced 
by fuzes containing T.N.T. These are made by sucking 
molten T.N.T. into a lead pipe by meai^ of a vacuum, the 
pipe being kiept hot iii^a water-bath. After pooling, the fuze 
is drawn out through draw-plates’ but as much narrower 
ttA)es can be filled by sucking in a liquid than is the case 
when they arc loaded with a solid, like guncotton, the same 
number of drawings is not necessary. The rate of detona- 
tion is v?ry constant; about 5000 metres per second, and the 
fuze is much used for determining the rate of detonation of 
•xplosives (S^fction VIII.). It is also used for the simul- 
taneous firing of several shots, and in warfare attempts ha«fe 
been made to employ it for the destruction of wire entangle- 
ments. It is fired by means of a detonator. It should be 
noted that pure T.N.T. must be used for theTnapufacture of 
fuze, as the crude product is apt to become plastic on cooling, 
and will then^not detonate properly. 

A somewhat different type of detonating fuze is used in 
the Austrian army. This consists of threads impregnated 
with mercury Ifulminate* phl(?gmatized by the addition of 
20 per cent, of paraffin wax. When fired with a suitable 
detonator its rate of detojjation is about 6000 metres per 
second, but if ignited ft burns quietly, unless it becomes 
hot ejiough for the paraffin <0 m^et and run away from the 
fulminate. • 

Shell Fuzes. — These are of two types, \jiz. time fuzes 
and p«rcussion fuies, the former being ^tended to explode 
the shell in the air after it has tra\1?lled a certain distanc?, 
and tlie latter to explode it on striking. Shells v.-ith time 
fuzes are fraquently also fitted with percussion fuzes, so that 
they explode^on staking sAftuld the time fuze fail, wher^^ 
percussion fujes are often coi^nected with a short time. fuze 
so that explocibn only takes place a short time after the 
hell h^ sfruck, thus giving if time to penetrate. Tfiis type* 
of fuze, delayed action fuze, is much used for armour piercing 
shell, and for the bombardment of deep dugouts, as an 
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ordinary permission fuze would explode the shell on the 
surface, and thus do comparatively little damag^^ 

Tifnc fuzes consist of one or more rings^of slow-burning 
gunpowder situated in the nose of tlie shell, and com- 
municating with the burster charge. The fuze is fired^by a 
simple cap actuated by the sh6ck oi the prope'ilant. The 
rings are movable, and by rotating them the length of the 
powder train between the firing caj) and the burster cllajge 
can be altered. The rings are gra(]uated with a stale 
showing the number of yards of travel of the shell, and the 
fuze is set for the given range before the shell is inserted in 
the gun. 

Percussion fuzes are set either in the nose, e^r in the bay 
ofi the shell, and are actuated by the sudden retardation 
when the shell strikes, driving a ])in on to a cap. To prevent 
the shock of the discharge actuating the pin, special safety 
arrangements aie provided. These may take several forms, 
e.g. the pin may be held^ back by a powerful spring, th6 
resistance of which can only be overcome by a vcr>^ violent 
blow on the nose of the shell, or it can be provided with a 
safety catch which is only released by the centrifugal force 
set up by the rotation of th«. she^l. As .stated above, the 
percussion fuze is often made to fire a short time fuze in 
order to allow the projectile to penetrate before bursting. 
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Compo^tions for use with friction tubes, and flaming* mixtures as used 
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iiC^d, is treated ih jletail in S.S., 1910, pp. 87, 107, 130, 148 ; 1913, pp. 145, 

^(> 7 : , , 

The X-ray examination of safety fuze for discontinuity of the powd^ 
core IS suggested in J.S.C.l., 1903, 1224. 
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Also in R. Wiltie, ” Meche^ischi^ Zeitzunder,” Berlin, 1911. D. T. 
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Section VTJ.~ MATCHES, PYROPHORIC 
ALLOYS AND PYROl’ECHNY 

Matches 

Untie 1805 the only mechanical means of obtainfiig fire as 
distinguished from the use of the burning glass, consisted in 
striking sparks with flint and steel, and 'by this meefiis 
igniting tinder. Curiously enough during recent yer^s this 
method has again come to the front in a modified form, the 
flint being replaced by vSpccial pyrophoric alloys, and the 
tinder by* slow-match or by a wick soaked in petrol. In 
1805 Chancel introduced vsplints of wood tipped with a 
mixture of sugar and i)ota.ssium chlorate mixed with gum, 
these being ignited on a pad of asbestos moistened with 
concentrated sulphuric acid, and in si)ite of their obvious 
inconveniences these matches reSnained in use as late as 
1844. The first friction match was made^ about 1806, and 
contained phosphorus, but was* not a practical success, and 
it was not until 1827 ^ satisfactory friction match was 

produced. These were tipped with a mixture of potassium 
chlorate and antimony sulphide, and were ignited by drawing 
them sharplt through a piece of glass paper held between 
tthe finger and tlmnib. ^ 

Tlje modern match industry is a large one, 17,250,000 
gross Boxes, each containing pn tfce average 60 matches, 
being manufactured in Great Britain in 1910, and this figure 
okly representing about half the consumption, a similar 
amfiunt being imported. In the United States the con- 
sumpjiion is about 250,000,000,000 matefi^s per annum** 
corresponding to about nine^ matches pe;r day pe^'head' of 
population, a figure corresponding cl(?sely with the con- 
sumption per capitum in this country'. 
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Brolly, matches can be divided into two ^divisions, viz. 
non-safety, or strike-anywhere matches, and safety matches 
which are supposed to ignite only when rubbed on a prepared 
surface, but which, as a matter of fact, can usually be ignited 
by dfawing^them smartly across any smooth surface of low 
heat conductivity, such as a sheet of glass or<paper. 

Composition for match heads is made up of five parts, viz. 
(i) oxidizable matter, (2) oxidizing agedfs, (3) inert gritty 
matter (to increase Trictian), {4) colouring matter, and (5) 
binding material. Striking surface for safety matches is 
usually composed of inflammable matter only, with or 
without the addition of grit to increase friction. 

As oxidizable matter, yellow phosphorus was originally 
used, but owing to its poisonous properties causing necro^s 
(“ phosy-jaw ’’) among the workers its use is now prohibited 
in almost all countries. It has been replaced by sulphide 
of phosphorus, sulphide of antimony, zinc sulphide and 
scarlet phosphorus, or a mixture’ of two or more of these. 
Sulphide of phosphorus, 1^83, is generally used for strike- 
anywhere matches, although a very small proportion of this 
type of match js made up with scarlet phosphorus, and the 
use of lead, tin and copj^er tfiiocyanate has been proposed. 
Sulphide of antimony, Sb2S3, is almost universally used for 
safety matches. 

As an oxidizing agent potassium chlorate enters into the 
composition of almost all match 4 ieads, although potassium 
bichromate, manganese dioxide and lead dioxide are also 
used. ^ • 

Tht inert grifty matter generally .takes the form pf 
powdered glass, whereas pigments, such as ochre ultra- 
marine, etc., are use^l to, improve the appearance. The 
binding material is added in order to make the composition 
adhere to the splint or taper, and is usually gum arabL ^ 
dextrine. • # • 

As a ^striking surface, antimony su^hide apd r^ phos- 
p*horus are usually made up with gum arabic or dextrine, and 
then painted on to,the sides.of the box. 

In the case of wax matches the flame from the head is 



164 


EXPLOSIVES 


sufficient to ignite the taper, but with wooden m^hes the 
splint must be tipped with some inflammable mterial in 
order to convey the ignition from the head th the wood. 
This is usually done by dipping the splint into molten 
paraffin wax befoA? putting on the head. In Franco, and 
to a lesser extent in America, howevef, sulphur is frequently 
used for this puq^ose. Such matches burn at first with a 
blue flame, evolviflg sulphur dioxide and giving practically 
no light, and have therefore been named “ wait-a-minute 
matches.” 

To prevent the splints glowing afteV the flame ffias been 
extinguished most modern wooden matches are impregnated 
with certain inorganic salts. For this ])wl'pose sodium 
tungstate is one of the most effective salts, but it ia 
what expensive, so that sodium or ammonium phosphate is 
generally used, ^although zinc sulphate, magnesium sulphate, 
alum and ^ffiosphoric acid have also been employed. 

Various kinds of timber are used for the splints of wooden 
matches, such as x>inc, aspen, spruce, etc., iind the same 
applies to the wooden boxes in whicli the matches are 
put up. j 

In making up match coinposltion the ingredients are 
ground separately in the diy- state, and then mixed wet. As 
a rule the oxidizable matter aiid’part pf the inert matter are 
mixed together with part of the gum solution and, ceparately, 
the oxidizing agent is mixed with the rest of the inert matter 
and binding solution. The two mixtures thus*-obtained are 
then mixed together to form the paste ready for use. By 
adopting this procedure danger of fire is reduced to a 
minim^jni, as the oxidizable matter and oxidizing agent 
are not brought together uptil ^both are thoroughly 
wet. 

•The actual tipping of the mafches is«a pureiy mechanical 
operation, and great ingenuity has been shown in designing 
machijies for carrying out the operation with* the minimum^ 
^amount of labors. These machines caqnot be described 
in detail in a book of this nature,- but the following description 
will sive a eeneral idea of the nrincble on which they act. 
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When ft^aking square matches the splints afe usually cut 
out in a separate mach!ne, but in the case of round or grooved 
matches the splkits are usually cut out by the same machine 
that tips them. The taper for wax matches is, of course, 
madi separately and fed into the mat«>h-making machine 
after being cut to the correct length. ^ Otherwise the 
operation of making wax matches fs similar to that used for 
wooden matches’, except that, of course, they are neither im- 
pregnated nor tipped with wax. In the match machine the 
splints are fed from a hopper into grooves in the iron match 
plates, the splints being made to enter the grooves end on. 
These plates are attached to an endless chain, and the hopper 
is so arranged that just after the splints have been wedged 
into the plates the chain passes over a pulley, thus leaving 
the matches with the free ends pointing downwards. The 
plates cariying the splints next pass over a bath of the im- 
pregnating solution* so that the splints ar(f immersed, and 
J:hen over a bath of molten paraffin so that the free ends dip 
into the wa^:. This wax usually has a melting point of 
39° C., but is maintained at a temperature of ioo°-io5° C. 
by means of a steam jacket. After receiving their coating 
of wax fhc ends of the* st)litits pass through a third bath 
containing the match-head composition. This is made of a 
suitable •consistency, so that a fairly large “blob" of it 
adheres the end of the splint, and this constitutes the head. 
After passing this bath the' chain is carried ux^wards to the 
ceiling of the building, or, what is better, through the 
ceiling into an iq^x^er chamber. Here it passes over a long 
serie^of rollers irT order to allow the heacj to dry, the drying 
operation being assisted by hot air. The chain then retufns 
to a x 3 oint near the hoxq:)er, where the finished mt^tches are 
unloaded from the plates, and mechanically packed into the 
boxes, these*boxesi)eing tficn mechanically made up into tlw 
familiar packets of one dcs'^eii boxes. These pack^s are 
subsequently’ihade ivp by hand into packets of one gross. 

MeJern match maclyineS are of A)i^iderable §ke, 
endless chain beii;g as much as 700 ft. long, and taking an 
hour to make one cirmit. v^noh a mnrhinp will turn out 
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about 1000 gross boxes of matches in a single d^, corre- 
sponding to nearly 9,000,000 matches, and on}/ requires 
eight girls to look after it. , ' ^ 

As regards the composition of match-head material, 
various recipes a>^ in use. The heads of the old jvhite 
phosphorus noij-safety matches were composed 6f — 


White ])hosphorus . . 

2-5 kg. 

■2 kg.., 

Lead dioxide'^' 

— 

24 kg. 

Perric oxide 

■5 kg. 

— 

Glass 

2'0 kg. 


Glue 

2-0 kg. 

. — j. 

Dextrine 

— 

bkg. 

Water 

4 ‘5 

s ^ ' 4 litres 

l?ut the use of white phosphorus 

is now ])n)hibited, iv/^ciern 

strike-any where matches being made with sulphide of phos- 

phorus, or, to a very minor extent , with sc 
pyxamples such compositions are — 

arlct phosphorus. 



.. 6 

— 

vScarlet Phosphorus 

. . — 

* 10 

KCIO3 

.. 24 

45 

ZiivS 

.. 6 

— 

Ochre 

6 


CaCOa 

. . — 

2 

CaS04 .. , 

. . — 

5 . 

Crlass * . . . . . 

.. " 6 

^2 

Glue 

.. 18 

10 

H2O .. .. ' 

•• 34 

45 


Of these Uic former is a French recipe, 1 kg. of the wet 
composition being ^sufficient for about ' 100,000 mrtches. 
ifnfortunately all matches containing sulphide of phosphorus 
are ap'^ to deteriorate in moist air with the liberation of 
sulphuretted hydrogen. This can be remedied to some 
‘TxtjCnt by varnishing the head with shellac or (j^ollodion, but 
several proposals have been made for non-safe\y match-head 
composition in which no sulphide of phosp’horus is used.; 
The u^ of sc arletr phosphorus,' mqde by boiling whita phos- 
phorus with phosphorus tribromide, is mentioned above, but 
has never come into general use, although matches made with 
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it are o!^the market. In Germany thiophospbites, made by 
heating a metallic suli?hide such as ZnS, vSb2S3, or CuaS with 
red phosphorus^ in an atmosphere of carbon dioxide to 
450° C., have been used, and good results are claimed with 
the j^llowing mixture : — < 


Zinc thiophospliite . . 

.. ... -30 

KCIO3 

..• .. ..60 

ZnO . . ‘ 

. . 5 

CavS( >4 

3 

CaCOa 

5 

Glass 

10 


Barium cupro thiosulphate, BaCuS40o, obtained by 
j.recipitating two molecules of sodium thiosulphate with 
one -molecule of cupric chloride and one molecule of bariuan 
chloride, has also been employed, as by its use a strike- 
anywhere match containing no phosphorus at all can be 
^)rcpared. The following composition is retommended : — 


BaCuS406 


•• 13 

KCIO, . . 


.. 58 

CaS 04 


. . 10 

vS . . 


• • 37 

Iron filifigs 


•• 4-3 

Gelatine . . 


. . 11 


vSafety matches, as a rile, are made up with sulphide of 
antimon\'>; and are ignited by rubbing on a surface of sulphide 
of antimony and red phosphoijis. Numerous recipes for 
composition arc in use, but the following may be taken as 
typical 


• Head. 


striking ^urfacc. 


SboSa . . 

24 

Red Phosphorus 

I 

‘ KC103 . . 

32 

SbgSg . . 


1^20' 2O7 . . 

12 

Carbon . . 

•50 

PbOj 

24 

• Dextrine 

*30 ^ 

Glass .. 

2 


u 

Gum ^i;abic 

4 

t 

• 


but tl’ 2 Vompositions used hy different makers var^^widely, 
and sulphur, madganese dioxide and ferric oxide are frequently 
added. 
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Pyrophoric Ai^wys 

4 . 

One of the oldest methods of obtaining fire was by 
striking a spark from flint and steel and using this to ignite 
some inflammable material, such as tinder. The intrv>duc- 
tion of matches led to the abUndbnment of this tiVesome and 
clumsy process, but the discovery of pyrophoric alloys of 
cerium in 1903 led„^o its revival, and the modern “ flint ahd 
steel ” or “ briquet,” to use the French, term, of which there 
seems to be no translation, became such a serious rival to 
matches that heavy taxes were imposeil on them by those 
countries in which the match industry was a vState monopoly, 
or in which matches w^ere taxed for revenue pn'iqooses. The 
ovtbreak of war gave a further impetus to the pyrophoric 
alloy industr}^ as the “ briquet ” was ])rcferrec] to matches by 
the troops owing to its lessened seiLsibilit y to dam]) and to the 
fact that the small quantity of ])etrol required could always 
be obtained from the mechanical transi)ort. The “ briquet 
also became increasingly ])0])ular with the civilian ])o])ulation 
owing to the scarcity of matches. 

Opinions differ as to the reason for the ])yrophoric 
nature of cerium alloys. Th(< ])ure metals 'of the cerium 
group are only .slightly ])yro])horic, although their tempera- 
ture of ignition is low, and it hgs been suggested .that the 
pyrophoric nature of the alloys is due to the' ^ increased 
hardness allowing finely divided dust to be projected into 
the atmosphere and ignited i)artly by the heat generated by 
the friction and partly by spontaneous combustion due to 
the large surface exposed to the' oxygen of the air. It ueems 
mtre probable, how'ever, that the pyroi)horic effect is due 
to the Krmation of highly inflqmmable suboxidcs. 

For the preparation of pyrophoric alloys., it is not 
accessary to use pure cerium, it being custom ary^to make use 
of tfe crude mixture of rarer garths left ove; as a waste 
product when the thorium is extracted from flionazite sand 
for mailing iilcandesaent gas manUes. In order fo vedued 
tfiis to the metallic state various methods have been proposed, 
such as reduction with metallic calcium, but industrially 
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the prd;^ess is always carried out electrically* This can be 
done by the electrolysis of the oxide in fuzed cerium fluoride, 
and on the labiiratory scale this procedure gives excellent 
results. Unfortunately the melting-point of the fluoride is 
very* high, about 1000° C., so that it }#as not been found 
possible to* use this process on an industrial scale, and for 
manufacturing purjioses it is iisuaf to electrolyze a mixture 
of^ cerium chloride and chlorides of the«lkali earth metals. 
In order to obtain satisfgictory results the cerium chloride 
must be dry and free from oxide and oxychloride. As the 
chloride is soluble in alcohol, whereas the oxide and 
oxychloride are insoluble, separation can be effected by use 
this solvent, but it is found better to obtain the pure, dry 
chl(>j;?de by healing the crude chloride with sal-ammoniifb. 

The electrolysis is carried out in a graphite crucible with 
an iron cathode, and considerable difiiailty is met with 
owing to the tendelicy of the metal to reftiain distributed 
*in the electrolyte in very finely divided particles, or in the 
colloidal forip. 

Various ])roposals have been made for suitable electro- 
lytes, some invevStigators recommending a mixture of two 
molecules of cNerium chloride and one molecule of calcium 
chloride, while others claim good results with mixtures of 
calcium •chloride and flnoride and barium fluoride. For 
example, ait is stated tliat excellent results are obtained by 
fuzing three parts of barium diloride and three parts of 
'calcium fiinyride with eight parts of calcium chloride in an 
electric furnace, and then adding ten parts of cerium fluoride. 

Tile metal olftained by cllctrolysi^ i^ usually cast into 
blocks weighing from two to twenty pounds, and contains 
about* 80 per cent, of ^erit^n, the balance being chiefly other 
rare earth. metals, and in this state it is quite uiisuited 
for pyropli#ric puri^oses.**A satisfactory pyrophoric ^lloy 
must be sufliciently hard tc^ Inflow sparks to be vStmek with 
• ease without^ being too hard, and at the same time it must 
be ou^ciently tough nqf tb crumble* ^way. In SVder k) 
obtain these properties it is usual to alloy the crude cerium 
metals with about 30 per cent, of iron, a little zinc being 
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sometimes added to convey hardness, and sometimeya little 
copper to make the alloy tougher, ^fhe alloying^ is carried 
out by heating iron powder in a graphite Qrucible under a 
layer of an easily fuzible salt. The cerium is then added 
little by little whey,* it melts and slowly dissolves the jiron. 
The fuzible saltps used, of course, to protect the‘alloy from 
the action of the air, but in spite of this considerable loss, 
takes place through: oxidation, so that a pound of ceritfm 
does not give much more than a ppund of alloy. When the 
whole of the iron has been dissolved the melt is cast either 
into a single block, which is afterwards* cut up for* sale, or 
into thin rods. Auer metal No. 2 is made somewhat 
differently, as the alloy is cast into a blodk and the» 
ground to a powder, and this then moulded and 
until it sinters together. The object of this i)roccss is to 
obtain a finished stick that is impregnated with the lower 
oxides, and.imp*roved pyrophoric properties are claimed to 
be obtained by this process. ' 

Pyrotechny 

The art of making firewoKks i^ very aiilient, the first 
use of explosives being for pyrotechnic purposes. The 
term “fireworks" includes two ^classes of goods,, viz. (i) 
appliances for producing illumination, either fqr display 
purposes, c.g. Bengal fire, display rockets, Roman candles, 
etc., or for military or life-saving purposes, g.g. “star" 
shell, Holme\ buoys, etc., or for puri)Oses of signalling, 
e.g. Verey stars, marine rockets*; and (2) appliances fo?; pro- 
ddeing sound either ‘for tlisplay, e.g. crackers, or for signal- 
ling, fog signals, maroons, jetc. The explosive on com- 
bustible materials used in firework ' construction can be 
•divided into three broad groups,* viz. slo^ burnpg mixtures 
for ppducing illuminating effects, such as golden rain, 
coloured fire, stars, etc., more rapidly burning mixtures 
ysed ai^ propMlantg, t.g. for rockets, Catherine wht^l^ etc.^ 
and rapidly burning mixtures use(} for bursting charges for 
rockets and for the production of sound. In some cases 
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gunco15’jon us used as a sound producer, but? otherwise all 
the combustible material, both fast and slow, used in pyro- 
techny is of th^ gunpowder type, additions of metal filings 
being made in order to produce sparks and barium, copper, 
strontium, etc., salts being added in border to produce 
colour effdbts. For display purposes chlorates are largely 
used, as they give more brilliaift effects than nitrates, 
pi\)bably largely owing to the greater vola^lity of the chloride 
produced during combustion, but the use of chlorates in 
the presence of sulphur is prohibited in Great Britain. The 
danger of chlorate oulphur mixtures is largely due to the 
fact that some of the sulphur becomes oxidized to sulphuric 
ccid, and this increases the rate of decomposition of the 
mi>{;\iire, the reaction thus becoming autocatalytic. • 
The basis of almost all pyrotechnic mixtures other than 
coloured lights is “ meal powder,” a fine grain gunpowder 
to which sulphur, ffitre or charcoal, or twd or, all of these 
^are frequently added to reduce its rate of burning. 

Fireworks are almost invariably put up in paper cases, 
^these being made by hand by pasting several layers of 
paper together. Rockets, squibs, crackers, etc., are all 
made by this Aieans, and ev»n the “ shells ” which are fired 
from mortars and contain coloured stars are made of paper, 
althougii they are sometimes as much as 2 ft. in diameter. 
These sh^s are made by tearing strips of paper and pasting 
theru together inside a hemisfjierical mould, layer upon 
■ layer, until the desired thickness, J in.-i in., is attained. The 
hemisphere thus formed is then removed a^id dried, after 
which the edge iS* trimmed in* a lathe and a complete shell 
formed by gluing two hemispheres together. The qualfty 
of the paper used is of^great importance, and various ‘qualities 
are used for different purposes.’ As a general rule, it should 
be free from all lomling wilh mineral matter, and should ]ja\e* 
as great a mechanical streiiftlh as possible. • 

Colour ed'^yire (Bengal fire) is the simplest form of 
firework,’ and simply ^on^sts of a* gioderately ^ercel^ 
burning mixture containing suitable salts to impart colour 
to the flame, strontium and calcium being used to produce 
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red, barium br copper for green, etc. Many cMerent 
mixtures can be used, of which the following m^^y be con- 
sidered typical f » 

Red. Yellow. Green. Blue. 

KCIO3 78 NaNOg 70. B,a(N03)2 66 KC103*'45 

SrCOg 15 -vS 20 vSugar 3o C 5 .. 

Shellac 7 86283 ‘ 7 Shellac i CuCOg ^10 • ‘ 

CaVbon 3 ' HgCl 38 

, Shellac 5 

Stars are very similar in nature, but are contained in a 
rocket or shell, and onl}* liberated and ignited when the 
rocket or shell has reached its niaxinium Jicight. They 
atfe of two types, viz. “ naked ” or “ pumped and ‘pill- 
box.” The former are conipo.sed of a mixture of caroon, 
sul])lmr, meal powder and a nitrate to impart the desired 
colour, the ingredients being mixed together with shellac, 
and then either moulded into pellets or spread out and cut’ 
up into cubes, after which the solvent is dried off and the’ 

“ stars ” loaded direct into the rocket or shell’. “ Naked 
stars should only be employed in fireworks of the smallest 
sizes, as they are very apt to criunble. In any case, to avoid 
crumbling it is very important to use shellac or other binding 
material which is completely soluble in the solvent used, 
usually methylated spirit. As a rule* no special, device is 
used Jor igniting naked stars, ignition being brought about 
by the burster charge, and for this reason they are almost 
invariably composed of nitrate, as such mixtures are more 
readily ignited than chloratii mixtures, avid in any (jase a 
linked chlorate star in cmitact with meal powder cannot be 
used, it would mean having a chlorate in contact with 
sulphur. Sometimes, however, the moulded pellets are made 
•iwith a perforation into which 'ai piece , of quiyk match is 
insert, ed to assist their ignition. 

“Pill-box” stars are much safer than “^Aaked” stars, 
^nd ar^put ^fp in paper cases, dgnition being brought about 
by means of quick match. They are 'usually chlorate 
mixtures, c.g.— 
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Red. 


Hue. 

KCIO3 

47 

•56 

KCIO3 40 

Suga^ 

21 

23 

Sugar 25 

SrCOa 

*22 

10 

CujiS 15 

HgCl 

— 

11 

Cu ~ 

• 

• 


• 

IlgCl 20 

Green. 



• Yellow. 

• KCIO, 

‘26 


KClOj]^ 50 

Sugar 

22 


Na Oxalate 17 

Ba(N()3), 

i 3 ^> 


vShcllac 24 

H#C 1 

22 , 




Magnesitim or aluminium powder is also sometimes 
added in order to increase the brilliancy. 

Floating Stars are very similar, but are attached to 
a parachute of silk or soft paper. They are made to burn 
slowly, and frequently the pellets are made up of several 
•layers, each layer of a different^ composition, so that they 
•change colour as they burn. 

Star SheH for military purposes is composed of barium 
•and potassium nitrate, magnesium powder, paraffin and 
boiled linseed^ oil. The composition used by the British 
Army is made up of — * * 


BfllNOj),, . . ... . . 

. . I lb. II oz. 

.. *.. 

. . I lb. 2 oz. 

. Mg ^ 

. . I lb. 3 oz. 

Paraffin . . 

. . 5 oz. 

• Boiled oil 

. . 3 per cent. 

n 

Whereas the magnesium light *rocket is.naade up of — 

• Ba(N03)o 

. . I lb. 8 oz.^ 

KCIO3 .. 

. . I lb. 2 oz. 

Mg’ .. .. 

. . I lb. 8 oz. 

Boilfd oil . . . . . . 

• • 

. . 3 per cent. 


the propellaiU charge being meal powder. 

* Sqmb's are paper cases with a smaAl gxploding c^rge q,t 
one end, and abcfve it a long layer of slow burning composition 
composed of meal powder mixed with sulphur, or sulphur 
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and charcoal.' They are primed with a little gunpowder, 
and when ignited burn fiercely and then explode when 
the ignition spreads to the charge of gunpowder at the 
end. 

Catherine Whells are long, narrow paper tubes ♦filled 
with a mixture of meal powder (2 jDarts) and potassium 
nitrate (i part) and sulphur (i part), and then wrapped 
round a circular wlToden disc. When a pin is ])laced through 
the centre of the disc to act as a spindle and one end of the. 
paper tube ignited, the escaping gas causes the wheel to 
revolve. 

Roman Candles are paper cases containing coloured 
stars separated by layers of a rather fiercely turning com- 
position of meal powder, nitre sulphur and charcoal^ such 
as— 


Meal povyder 
KNO3 

vS . . 

C .. 


..3 48 

• 4 .5 2 

.142 
. 2 ,1 3 


This composition burns fiercely with a good display of 
sparks, the stars being ejected by^the gases. Naked stars 
are generally used, and the composition must not be tightly 
packed, as otherwise they may break or crumble. ^ 

Whistling Fireworks are paper tubes packed with a 
mixUire of three parts of potassium pier ate and two parts of 
potassium nitrate. One end of the tube is left ppen and the 
other is closed, the gas escaping from the open end causing 
a loud whistling noise. They are usually wsed as a garwiture 
f(>r rockets or shells! " 

RStkets consist of two parts, viz. the body containing 
the propellant, and the head containing the garniture, 
^he body is a paper tube conytricted,, at thj^ lower end 
either by squeezing and then tying with a lipture, or by 
means of a clay plug. In order to fill the bidy a conical 
piould^s insefeed through the constricted end, point Uji wards, 
and the propellant charge then added little Py little and well 
malleted home. There is considerable ' skill required in 
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doing this, as the packing must be quite even ‘if good results 
are to be obtained. When the propellant has been added 
the top is closed with a perforated clay plug through which 
a piece of quick match passes in order to fire the head, and 
the conicaj mould then withdrawn. T/ie head is another 
paper case coiKaining a burster charge of gunpowder and 
•garjiiture in the form of stars, floating stars or whistling 
fireworks, and is glued on to the bod3^•'* The stick is then 
.attached so that th- rocket balances when supported about 
one inch from the base. It is fired by applying fire to the 
conicarhole left in The base by the mould. The outrush of 
gases causes the rocket to ascend, and when at its maximum 
Sleight the quick match causes the burster charge to explode, 
thus •liberating the garniture. Various compositions afe 
used for the propellant, such as the following 

Meal powder • 2,1 3 

• KNO3 ^ 4 20' 16 

• C * . . 2 12 8 

S..i. I 2 4 

• although iron filings are frequently added in order to pro- 
duce a good tiain of sparks. ^ 

Life-saving Rockets are similar, except that they have, 
of course, no garniture, and are used for carrying a rope from 
shore to ships in (hstpess. The propellant composition is 
usually made up as follows: — ^ 

KNO3 7 lbs. 

C 3 k lbs. 

• S . . . . 2 lbs. 

'Sometimes a head is provided closely resembling the^ boSy, 
so that when the c^igin^il body is exhausted the rocket 
obtains a fresh impulse due to the firing of the head. 

Touch Paper » mucB used for igniting fireworks, gand* 
is made by jDrushing paper, usually blue in colour, ®n one 
side with a Solution of potassium nitrate (haH a pound to 
Vhe gallon) and^ then diyiii^. Slow %( 4 ch for pyr'ifJtechnic 
purposes is mad^ by soaking blotting paper in lead nitrate 
solution (2^ lbs. per gallon) and, after drying, pasting the 
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sheets together, usually so as to give six thicknesses. ^ Pyro- 
technic quick match, on the other hand, is ina4e ))y impreg- 
nating lamp wick cotton with a smooth cream of hot starch 
solution and meal powder, and then dusting it over with 
dry powder. Wh^e ordinary quick match is not sufficiently 
rapid it is threaded through paper tubes, as -the confinement 
greatly increases its rate of combustion. vSucli tubes^are 
known as leadcrs^Tmd. are used when various parts o( a 
firework have to be ignited almost simultaneously. 

Fog Signals for the use of lighthouses during fog are 
usually composed of Tonite, i.e. gunc6tton pulp that has 
been impregnated with potassium or barium nitrate, and then 
compressed into pellets and dried. They are fifed by ineauo 
df a detonator. . 

Photographic Flash Lights arc required to give out 
light rich in actinic rays, and for this reason magnesium 
powder enters into the composition of most of them. The 
original flash lights were very simple in construction, and 
consisted of a little magnesium powder placeciin the bowl 
of a clay pipe, a piece of cotton wool soaked in spirit resting 
lightly on the top of the bowl. The spirit was lighted and 
the magnesium powder then bldVvu into *the flame by 
blowing air through the stem of the pipe. At present it is 
usual to use magnesium powder niix(^(i with an oxidizing 
agent such as potassium chlorate or perchlorate or barium 
chloi^te, this latter salt giving a safer mixture than potassium 
chlorate. Attempts have also been made to utilize the fact 
that the oxid»;i of the rare earth metals give off a great deal 
oMight when incj'udescent \cf. incandescent gas mahtles) 
and fl^j^h powders composed of magnesium powder mixed 
with thorium or zirconium nitrate hay.e been placed on the 
market. Barium peroxide has also been used as an oxidizing 
•^igeft, and collodion cotton is also^emplo^ ed to rome extent 
as an ingredient. 

In moderij flash lights it is customary to r5t)lace part of • 
tjhe m^nesium by die less e.^pensive aluminium j^wder, 
and good results have been claimed wjth -the following 
mixture - 
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A1 

. . 50 

Mg . . 

. . 100 

FcgOa 

CUCO 3 . . 

. . 30 
. . 30 

MgS 04 . . 

r • 5 


As w3l be Jfeen, the o:: 3 ^geii*is supplied by the ferric oxide, 
so that this powder is closely akin to Thermit in nature. 
Tbe^ anhydrous magnesium sulphate is added as a deterrent 
to prevent combustion becoming too rapid. 

The Holmes Life-buoy is an ordinary life-buoy to which 
is attaclied a can containing calcium phosphide, this can 
being closed by a lightly soldered plug. When used this plug 
is wrenched c at and the buoy then thrown into the sea. The 
water on coming into contact with the calcium phosphide 
causes an evolution of the spontaneous inflammable phos- 
phides of hydrogen, the flame of which is visible at night. 

The charge is usuall>^ sufficient to burn aboiit»half ^au hour. 

• 
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Sectioi^ VIIL— explosive PROPERTIES 

Apart from analytical operations certain tests are applied 
to explosives in order to determine their properties. These 
tests may be roughly divided into fAo classes, viz. tests 
to determine the nature of the explosive and tests to deter- 
[iiiiie its stability. The former includes tssls for pow^r, 
i^ioleiice and velocity of detonation, pressure, heat and 
temperature of explosion, and })roduction of flame, whereas 
the latter includes tests for chemical stability, of wdiich the 
/Vbel heat testes the most important, and tests for sensitive- 
ness to heat and mechanical shock. In addition, propellants 
ire tested to determine the velocity of the projectile and the 
[pressure attained in the gun, and, of course, these tests must 
be carried out with the type of arm for which the explosive 
is intended. Explosives for «use 411 coal mines are further 
tested to determine their safety when fired in the presence 
if fire damp and coal dust, and tliese tests, together with the 
methods used for studying flame production, have already 
oeeh described in Section .V. 

Tests fqr Power, ^ 

• The power of mi explosive is its capacity for aoing useiui 
^orK,‘ and must not be confused with violence or brisance, 
this latter being rather the rate at Which work is done, or 
:he shattering effect produced.^ , It is impossible to measure 
:he power of an explosive an definite units such as foot- 
pounds, but tests have been devised which allow th^* 
relative poVer to^ be compared. ComparisonSo should, 
however, only be made betw^een explosives of a similar 
nature, as the figures given for brisant and non-brisant 
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explosives are hardly comparable. Useful as these com- 
parisons are, it should always be borne in mind that the best 
test of an explosive is its behaviour under working con- 
ditions, and it is practically impossible to imitate these. 
There are three methods in general usc^for testing power, 
viz. the T^auzl lead block test, the mortar test, and the 
ballistic pendulum. Of these the*Trauzl l€ad block is the 
sLiiplest, and is the most generally iise^l on the Continent, 
wliereas the ballistic pendulum is the most elaborate and 
probably the best, A ballistic pendulum, however, is an 
expensi'^e piece of apparatus, so that its use is practically 
limited to the official testing of explosives for the British 
Fermitted Fist or the United vStates Fist of Permissible 
Explosives. • ’ ^ 

'frauzl Lead Block. — This test is based on the volume 
of the cavity formed when a given weight of an explosive 
is lired in a bore-h^le made in a block of j^ure lead, and in 

• order to obtain comparable results the test must be carried 

* out under absolutely standard conditions. These conditions 
have been defined by a committee appointed by the Inter- 
Tiational Congress of Applied Chemistry (V. Congress, 1903, 
vol. ii. p. 256)^ and may^be summarized as follows : — 

The blocks are circular in section, and are 20 cm. high 
and 20 epi. in diameter. They are cast of pure, soft chemical 
lead, the bore-hole, which is 125 mm. deep and 25 mm. in 
diameter being situated in the centre and cast in by means 
’ of a suitable mould. Before use the blocks are allowed to 

C ^ 

stand for several days. The weight of the explosive used is 
10 giiams, and tkis is made.qp into a cartridge 25 mm. in 
diameter by wrapping it in a piece of ’tinfoil 70 mm. wide, 
the length of the long sides being 120 and 150 mm. The 
foil is of such a tllickn^ss that 1 square metre weighs 
8o~ioo gragis. A^No. 8 electric detonator is inserted into* 
the cartridge, and the cartridge then pressed to the bottom of 
the hole witt a wooden ro 5 , the wires being kept central. 
Tampylg is then applied bytfilling th« hole with sharj^, dry 
quartz sand, ^wHich is ot such a degree* of fineness that it 
passes a sieve wilh 144 meshes per cm.*-, the wires being 
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*35 mm. thick. The charge is then fired electrically, and 
any residue left shaken and brushed out of the cavity. 
The volume of water required to fill thq cavity is then 
determined, and the volume of the original bore-hole 
deducted, the figufe thus obtained being taken as a measure 
of the power of the explosive. ‘At least tl^ree tests should 
be made, and the mean' of the figures thus obtained com: 
pared with the mean of three similar tests made with a 
standard explosive of approximately the same velocity of 
detonation. The test should be carried out at a tem- 
perature of i5°-2o'' C. The eiilargem0s.it caused by a de- 
tonator alone is sometimes determined in the same way. 



Fig. 26 . — 1 rail zl Block « ^ 27. — Traiizl Block 

before Firing. ' after Fiiyng. 

« ' 

and this value deducted, but as the test is only a,comparative' 
one this is unnecessary provided the standard explosive is 
fired with a detonator of tha same strcng’lh. Figs. 26 and 
2 j sh^ Trauzl blocks iit section before and after firing. 

The Trauzl block test is a convenient one, but suffers 
from several uncertainties. In the first place, \i fails with 
• noi^-detonating explosives, as tha pressyre is (developed so 
slowly that the tamping is blown out. In the second place, 

• it is affected by variations in the lead and in <!he sand used .* 
(or stei{iming,*’so that as large a* number of blocks as possible 
should be cast from one melt and a good stock; of sand kept. 
With aluminium explosives, and other explosives with a 
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very high temperature of explosion, high results are obtained 
owing to erosion, whereas with explosives containing an 
excess of oxygen tne influence of the tinfoil wrapper comes 
into play unless Lie standard explosive ^used also contains 
a similar excess of oxygen. The weight of the wrapper is 
about I gram, e. lo per cent, of the weight ^gf the explosive. 
The following table gives a few characteristic results 
obtained when explosives are fired in the^Iead block : — 


N.O. . . . . *540 cc. 

B.G. . . . . 530 cc. 

Dynamite No. i . . 300 cc. 

(65 N.G. ] ' 

Geliguiiej25 NaN03j420 cc. 
18 W.M. ) 


P.A. . . 297 cc. 

T.N.T. . . 254 cc. 
Tetryl . . 375 cc. 

G.C. . . 290 cc. 


Mortar.— This is shown in Fig. 28, the test being carried 
out by measuring life distance that the shot^is tlj^rown when 



« • 

10 grams of the explosive are fired. The explosive is weighed 
out in a woo€en sheE 30 mm. in external diameter and 60 n^m. 
deep, which is then inserteci into the charge chambet. A 
* piece oi safety fuze with a detonator ^t one f*nd is. passed 
througS the central hole in th? shot, and tke shot then placeci 
in position with tiie detonator pushed well down into the 
explosive. The shot weighs 15 kilos, and should be a good 
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but not a tight lit in the gun. The (gun is securely fixed 
on a concrete foundation, and is usually set \i^ith its axis 
at an elevation of 45°. The distance thal the projectile 
is thrown is measured and compared with that obtained 
with an equal weight of a sfancj/ird explosive o{ the tame 
nature. The beje at the back of the gun is provided so that 
when one end becomes worn out the gun can be turned., 
The method is a somewhat crude one, but gives more 
constant results than one would expectr and is useful when 
experimenting with new explosive mixtures. In order to 
obtain reliable results at least three shots should be fired, 
and it is advisable also to fire one or two clearing shots 
IJrst in order to free the gun from rust. When new thfe 
projectiles are inclined to expand in diameter owing to the 
shock of the explosions, and give unreliable results, but this 
expansion ceases after a few shots hpve been fired. In 
order to m^ike a gas-tight joint the shot should be well lubri-, 
cated before being inserted. The following figures give aU' 
idea of the average throw obtained with a f-^w standard 
explosives, a 15 kg. shot being used, and the gun being set. 
at an angle of 45'' 


Blasting Gelatine. . 
Gelatine Dynamite 
Gelignite . . 

, Dynamite No. 1 . . 


240 metres 
188 „ . 

168 

132 „ 


The explosives on the British Permitted* Tist give 
throws usually varying between 80 and 120 metres. 

j In order to save th^ trolible of fctcliing the projectile 
after each shot, the gun is sometimes mounted as a pendulum’ 
and the shot fired into a sand bank few feet away. In 
this case the recoil is measured, the arrangement being ver}^ 
simttar to that of the ballistic pendulum '“described below. 

Tbe Ballistic Pendulum*.- -This is the Official Test for 
the po^^^cr of ^oal mi^e explosives both in the tjnited States 
{Jnd in thi'^ country, and both pendulums will be described. 
The test has the great advantage that a ."-easonable weight 
of explosive is used, J lb. in America and | lb. in this country, 
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and that it is fired jn its original wrapper and hence all 
wrapper influence is eliminated, or, rather, the wrapper 
influence is much the same as it would be under working 
conditions. 

7 |he pendulum at the U.S.A. testing slation at Pittsburg 
cgnsists of a i."2 in. U.S.A. Army mortar, weighing 31,600 
lbs. It is slung in a stirrup mad^ of i|”in. machine steel 
rod, the rods b^ng 89I in. long. It is jfiispended on nickel 
.steel knife edges v^crking.on nickel steel bed plates, the bed 
plates resting on massive concrete pillars. The explosive 
is loaded into a steel gun which runs on a 30-in. gauge track 
and is tamped with one pomid of clay, or two pounds when 
w 4 ow burning non-detonating explosives such as gunpowder 
.arc being tested. Before firing the gun is run. up to tlfc 
mortar until exactly in. away from it. 

The charge of standard explosive is eight ounces of 40 per 
cent. American Strmght Dynamite of the cotnpo^tion — 


N.G. 


.. 40 

NaTJO, . 


.. 44 

W.M. 


.. 15 

CaCOj . 

• • 

I 


which gives a swing of 27-3*1 in. By means of trial and 
failure the weight of the explosive that gives approximately 
the same, swing as thisTs then determined, and three shots 
fired with this weight. The ^ exact equivalent is- then 
' calculated from the ratio— 

S, : So = W : i 

•where = swing given by W lb. ot the* explosive under test, 

* Sd == swing given b>; | lb. of the standard explosive. 

The pendulum in use at the British testing station at 
Rotherhan* is somewhat ismaller. The pendulum itself is a» 
mortar weighing 5 tons anjjl suspended by steel rod^ from 
an overhead* axle having roller bearings. The bore-hole of 
the gun is 30 in. long ajid in. diaTn^ter, and the gun js 
placed 2 in. from^the mortar. Two pounds of well-rammed 
dry clay are used as stemming, and the charge of explosive 
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used is four ounces. The swing give^j is read off and com- 
pared with the swing given by four ounces, of Gelignitt 
containing 60 per cent, of nitroglycerine, tfiis swing being 
3-27 in. The swings recorded by the mosU imj)ortant 
explosives on the f’ermitted List are given in Section 

Test^ for Violence ^ . 

By the violened or brisance of an ex})IosiVc is meant tlie 
shattering effect produced. This is ' rather mi illusive 
quantity and depends not onh' on tlie ])ower but also on 
the maximum pressure developed, this' in turn ddjiending 
on the velocit)' of detonation. Proposals have been made to 
calculate the brisance mathcmaticalh', Biclfel giving the 
formula JMV- where M is the mass of the gaseous producti 
and \’' the velocity of detonation. 
These, and other similar expressions, 
however, do not give a satisfactory 
value, and attempts have been made- 
to determine the comparative bri- 
sance experimentally. The results 
obtained cannot be said to be ver}’ 
satisfactory so far, but they do give 
some idea of the relative brisance. 
They arct all based on thi^ crusher 
gauge principle and measure the 
deformation of a cylinder of a soft 
metal, such as copper 01 lead. The 
best-known form of apparatus is 
the brisance meter devised by 'Kast 
and shown in section in Fig. 29. This consists of a' 
hollow steel cylinder resting oi^ a heavy steel base. A 
small copper cylinder is placed centrally on the base, and 
* on the top of this a heavy steel pteton wiiich is un accurate 
fit in the steel cylinder. On tlie top of the piston is placed 
a nickel steel ^plate 20 mm. thick and weighing 320 grams, 
an which rest two. 4 'mm. lead' dis^s. These lead dibes are 
renewed after each shot, and have the object t)f protecting 
the steel plate. The explosive is fired on the top of them, 



Fig. 29.— Brisance Meter. 
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and tlie crushing of tfee copper cylinder taken as a measure 
of its brisance. The figures obtained vary with the diameter 
and length of the cartridges, and seem to be at a maximum 
when the length of the cartridge is abyut four times its 
diameter. As would be expected, they also vary with the 
density of*the explosive, tliis having a gre^t effect on the 
velocity of detonation. As the explosive is^red unconfined, 
the test does hot in any way represent the conditions 
attained in practical blasting operations. The following 
figures were obtained using 15 grams of the explosive in 
the fornU of a cartridge 21 mm. in diameter : — 


y 

Explosive. 


Tciryl 


.*Picric Acid 


T.N.T. .. 


D.N.B. . 
/T.N.T. 30 
\Pb(NOs'* 70 


Density. 

Velocity of 
detonation. 

Bnsance, 

142 



. 3' 57 

1-53 

7 M 5 

3’ 9 1 

i'59 

71 bo 

. 3’94 

I '.34 

()lbo • 

♦ 2*8l 

1*40 • 

b700 

3'34 

I '. 5.3 

7000 

3'55 

I'bo 

7100 

3'88 

I '34 

.5940 

2'8o 

i '45 

1 (>400 

2*93 

I '.50 

! 6590 

3 ' 13 

I ‘bo 

; 6b8o 

. 3*13 

► '05 

— 

i-Gi 

2’05 

4600 

' 2‘52 

2'75 

: 4700 

2*86 


• • 

, Vei^ocity of Detonation 

The velocity of detonation represents the speed at which 
detoifation sprea 3 s or travels* throughpuit the mass of the 
explosive when once initiated. It can be determined by 
two methods, viz. l^v tha absolute method, in wliich the 
interval of time is actually measured, and by the compara- 
tive method, in which the* velocity of detonation of one ex- 
plosive is measured relative^ to the velocity of detonation 
• of another. ^ 

Owing to the high vtlocfties attained, frequently 6oo0i^ 
8000 metres per second, the absolute method resolves itself 
into the problem of measuring very small intervals of time. 
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For example, if a train of cartridges of Blasting Gelatine 
10 metres long is detonated at one end, the detgnation has 
reached the other end in about ‘0013 second • Fot accurately 
measuring such vt^ry short intervals of time the best method 
has been found to be a drum of known diameter rot^iting 
at a known ^^pced. From the sp'eed of rotation and 
diameter of the' drum tlie linear velocity of any point on 
the surface is reaAly calculated^ and hence the time that 



has elapsed between the making of*two marks can be deduced. 
The Mettegang time recorder .for the deterrfiination of 
*vel(^ity of detonation is based on this jffincipl^ and by its 
use intervals of time down t^) i x io"7 seconds can be 
measured. The arrajigement of the apparatus is. show^i 
diagrammatically ift Fig. 30. lwo*thin wires are embedded 
in the explosive under test at a suitable distance apart, 
usually about 3-4 metres, each of these wires forming part 






EXPIJ)^IVE PROPERTIES , 187 

of the primary circuit of different induction coils. One 
terminal the secondary circuit of each of these coils is 
connected with ti^e axis of the drum, while the other terminal 
is connected with a platinum point whic^ nearly, but not 
quitor' touches the smoked surface of the drum. The drum 
is rotated by an electric motor at such a speed, that the linear 
velqpity of the surface is 100 metres per Second, and the 
explosive is then detonatecj. When the ‘detonation reaches 
the first wite it breaks the*priniary circuit in one of the coils, 
and the current thereby induced in the secondary circuit 
causes a'^ spark to pass between the corresponding platinum 
point and the drum, this spark leaving a mark on the smoked 
surface. The same thing takes place when the detonation 
Kachcs the second wire, and by measuring the distance 
between the two marks the time taken for the detonation 
to travel between tl^e two wires is calculated. The distance 
.between the two marks on the drum is measured by a 
•travelling microscope with a vernier scale reading to ‘ 0 i mm., 
this corres|K)ndiiig to txio~^ seconds when the surface 
velocity of the drum is 300 metres per second. By using 
more wires, each wire being connected with a separate coil 
and platinum point, mea^ureftients of the velocity of detona- 
tion at different points in a long train of cartridges can be 
determined, thus ascertaining in any given case whether the 
velocity lemains constant or whether it increases or 
.decr(?ases. • 

• A certain amount of time always elapses between the 
breaking of the primary circuit and the passing of the spark 
due \o the induced current !n thp secondary circuit, ^n 
'order to eliminate error from this source by making tiie lag 
the same in both ca^s, the strength of the current in both 
primary circuits must be .the same, the coils must be of 
exactly sinfilar construction and resistance, and the direction * 
of the flow o^the current must be the same in both. • 

‘ , In the indirect method the velocity of detpnatio^ of the 
explosive is measured in*ter 3 is of the velocity of detonation 
of another explosive, detonating fuze always being chosen for 
purposes of comparison owing to its convenience and very 
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constant velocity, about 5000 metres per second. The 
determination is a very simple one, the arrangement used 
being shown in Fig. 31. Two detonators are ihserted into 
the cartridge linger test at a measured distance apart, 
10 cm. being sufficient. Each detonator is connected to 
one end of a length of detonating fuze, lhei.centre of which 
rests on a lead^ plate. ‘A mark is made on the lead ]Qlate 
corresponding with the middle of the length of fuze, and 
the cartridge of explosive then fired by* means of* an electric 
detonator inserted in one end. When the detonation reaches 
the first detonator it detonates one end di the fuze, dnd when 
it reaches the other detonator it detonates the other end of 



Fig. 31. — Determination of Velocity of D«tonttion (Indirect Method). 


the flize. These two waves of detonation travelling thfough 
the fuze in opposite directions meet at a certaili point, and 
where this happens a mark is left on the^ lead plate. Ob- 
viously the distance, of , this *mark from ‘the centre ol the 
fuze lepresents the start that the one wave of detonation' 
had over the other wave, and hence the velocity of detonation 
of the explosive can be calculate^ in terms of the velocity of 
detonation of the fuze. ^ • • 

Tbe velocity of detonation* k affected to swne extent by 
the diapieter ^f the cptridge, and increases as the diameter 
ificreases. It usually, however, reaches a limiting* value 
above which it remains constant however piuch the diameter 
is increased. With pure nitroaromatic compounds maximum 
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velocity is reached at lo mm., but with other explosives it is 

somewhat more, usually about 30 mm., and in the case of 


ammonium nitrate explosives is 

frequently 

over 50 mm. 

The following figures serve to illustrate this point 

» 

• • 

Diameter 

Velocity 

• Explosive. 

(mm.).. 

(metres per sec.). 

aPure cast T.N.T. 

:. 21^ 

6700 

'D = r58.'. .. ... 

•• Is 

6595 

yy * • - ' - ‘ • 

. . 220 

6675 


. . 300 

6710 

Atolit L =17 .. 

^ [Rye meal 2 . . 

26 

.. 40 

4430 

4925 


The strength of the detonator or primer has little or no 
effect provided it is sufficiently strong, but very irregular 
results are somctiines obtained at first, b^)th abnormally 
high and low. With most explosives the velocity of the 
wave of detonation increases or decreases until its normal 
value is readied and then remains constant, but insensitive 
dmmonium u’^rate explosives behave in a somewhat different 
way, the velocity gradually decreasing. This is probably 
due to inseusitiveness, as the effect is most marked when the 
explosive ^is compressed to a high density, in which case 
detonation is usual^.y •difiicult to start. Towering the 
temperature, on the other .^mnd, has no effect, velocities 
Temaiiiing constant even at the* temperature of liquid air 
■(-180° C.). " 

Tlje effect of c<jnipressing,tjie explosive anef thus raising 
its density is very great, and experimimts'seem to demonstrate 
that velodty of detonation is a linear function of density. 

It is true that with Oiieddfte and some other explosives the 
velocity falls if the densit]^ exceeds a certain figure, but this , 
is probably due to the difficuHy in starting a satisfactory 
^wave of detonation owing tb the diminished sensitiveness 
of the^j* explosive. Thus p jcric acid»^ enclosed in ® paper 
cartridges 20 mm. in diameter gave th^ following figures 
when fired with* a detonator consisting of '5 gram 
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fulminate and a primer containing 25 grams of Dynamite 
No. I- 


Density. 

1 ‘Velocity. 

*03 , 

. • e 5035 

1*31 

•• 6255 

1*46 .. .. ‘ 

^.. *6988 

1-67 \ 

" • • 7277 

171 t 

. - • 5045 • ^ 

174 • 

. . Failed * 

By increasing the primer charge to 80 grams of Dynamite 

picric acid gave the following figures 

lU 

Density. 

, Velocity. 

^ 1-62 

^ 7370 • ' 

1-72 

• • 749i>' “ * 

173 

• • 7845 

174 

7645 


showing that by increasing the initial shock the explosive 
could still be detonated and that the velocity of detonation 
continued to increase. * 

Very similar results were obtained with T*^N.T.— 


Density. 

•84 
•91 
•92 
•’90 
•91 
1-32 
1*46 
. 1-56 

I ’60 
1-605 

^’61 
1 71 


Detonator. * 

'5 gram fulminate 


Primer. Velocity. 

Nil , 3822 

, 4087 

.. . 4170 

25 grms. Dynamite No. 1 4170 

4170 • 

,, 6217 

, . ^^75 

6880 

7056 

c , 7140 

Failed 

80 gmis. Dy,namitc JJo. i 6943 
• „ 7800 


The last figure :*’as obtained when the T.N.T. "^as con- 
*fined in a coppef tube, whereas* the others were obtained 
when the explosive was confined in papel. 
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The influence of the degree of confinement is very slight 
with sensitive explosives having a high velocity of detona- 
tion, but with the insensitive explosives of the ammonium 
nitrate class it is very considerable. Figures illustrating 
this will be found on pages 194 and 195. • 

Nitrogfycerine exhibitif thj peculiarity of having two 
velocities of detonation, one about 1300-.! ^^00 metres per 
secbnd, and the other about 7000-9000 .metres per second. 
At which of these velocitfes the wave of detonation travels 
‘depends a good deal on the diameter of the tube and on 
the strej^gth of the ^^rimer or detonator, the following results 
having been recorded : — 


Detonator. 

Punier. Diameter. 

Velocity. 

. '6 grams. 

— 6 mm. (glass) 

Failed * 

:-6 

— 9 mm. (glass) 

(»54 

:‘6 

— 25 mm. (iron) 

1^41 aud 7690 

i’6 

• — 38 mm. (iron) * 

.«527 


~ 

1776 

— 

Detonating 38 mm. (iron) 
fuze 

7234 


Interesting results of the same nature have been obtained 
with various American ifynafnites and gelatinized explosives. 
These latter when fired with a detonator only have a velocity 
of detonation of about 2.300 metres per second and this figure 
is scarcely altered by increasing or decreasing the amount of 
. nitro'glycerinc present. When fir^d with a primer of American 

• Straight D>^iamite, however, the velocity is much greater 
and increases wi^h the percentage of nitrogl^^cerine, being 
abou*t 5100 metres per seconcf with a ;ri1toglycerine content 
*of 40 per cent., 6600 metres with Gelignite containing \ 3 o per 
cent, of nitroglycerine, and 7000 metres with 75 per cent. 
Gelatine Dynamite. With the v^traight Dynamites, on the 
other hand, the >^locity of detonation increases reguferly ' 
with increasmg nitroglyceritie content, and is not aHected 

* by the use of a primer, provided a^detonaf^or of suitable 
strength is used. 
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American DyNAMH 7 -.s 


Per cent, N.G. 


Gelatines. ' 

or without Pnmer. 

' j 

Uetoualor only. 

Detonator and Primer. 

t 

5 

1294 

• 


10 

\ 2103 . 


— 

15 

3095 



20 

3197 1 

— 

— 

25 

3299 ; 

— 

— 

30 

i 4172 1 

2484 

■ 

35 

4"05 1 

2278 


40 

4848 1 

2230 

1 3122 

45 

! 5032 , 

2279' 

j 544 

50 

1 534 « ' 

2355 

! 5 802 

0 () 

1 5973 

2104 

1 6bo6 

75 

(>265 1 

1 

2163 

j 6999 


With Ammonia Dynamite in which half the nitroglycerine 
has been replaced by ammonium nitrate the velocity of 
detonatioK increases from 2100 with the 10 per cent, grade 
to about 4400 with the 45 per cent, grade and thereafter 
falls, the 60 per cent, grade giving a velocity of 3000. These 
explosives are not gelatinized, and the velocity is not 
materially increased by the use of a primer. Obviously the 
increase in velocity shown when passing from grade 10 to 
grade 45 is due to the increasing nitroglycerine content, 
whereas beyond 45 per cent, the aipmonium nitrate content 
becomes the predominating influence, ammonium nitrate 
explosives always being slew. 

The dual velocity of detonation exhibited by liquid 
nitroglycerine and gelatinized explosives is probably to be 
accounted for by their exhiuiting dual elasticity, uifdcr a 
lightv.shock behaving as liquids and under a heavy shock 
as solids. The velocity of sound depends on the modulus 
of elasticity of the transmitting medium according to the 
equation— 

. - , . . 

where /a is Young’s modulus and d the density, and 

probably the velocity of detonation follows a similar law, 
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but no results seein J;o have been recorded in which the 
moduTus has been determined. Certainly the velocity of 
detonation increases with the density instead of decreasing, 
but no conclusions can be drawn from tjiis fact until the 
effect of increasing density on elasticity has been studied ; 
for if the nfoduhis increases more rapidly thiyi the density, 
then the velocity of detonation would also increase if it 
followed the aboVe equation. The followfng table gives the 
velocity of-detouatWi in •metres per second of a few well- 
known explosives, where irregular results have been obtained, 
the mean’ of the mo^L concordant figures being given ; — 


P^xplosivv. , 

Density. 

Velocity. 

Remarks. 

«r • 

Mercury Fulminate 


3920 

6-45 mm. diam. 

Detonating fuze . . 

— 

5000-6000 

Phlegmatized fulmin- 





ate. 

,, 



1-5 

4800-5000 

T,>i.T. 4‘j^m. diam 

Guncotton, dry . . 

*9 

3900 

• 


1-2 

^300 

— 


wet (15 perl 
c?nt. H,0)) 

i'4 

4800-O200 

— 

" 

- 

5500-5800 

23 mm. diam, 

N*lromannitol , . 

1-5 

7000 

4 >> )> 

,, 


19 

7700 


Nitroglycerine . . , . . 


1440 and 7690 

25 <1 >1 

Tetryl . 


I 53-1 6j 

* 7200 

21 ,, M 

Picric acid 


1 34 

6160 




1 40 

(>700 


,, 


1.53 

7000 




lOo 

7100 


Trinitroclilorbcuzolc 

I 6() 

6800 


Hexanitrodiphcnylamme 

1-58-1 (.7 



Trinitrocrcsol 

1-52 

6O20 



. . 

I (>2 

6850 


Trinitro benzoic (1.3.5) 

I 63 

6850 

« 

Tnnitro^luol (2.4.6) 

I 34 

0 5940 


,, 


I '45 

(>400 , 


• II 


I 50 

6590 




rbo 

6680“ 


Dinitrobcnzolc (1-3) 

m ^'5^ • 

6000 

!! !! 


2-73 

2-89 

4b95 

48G0 


Tetryl 63 
D.N.B. 37j 

compressed . .* 

1-58 

. 6965 

.. 7^55* 

.T.N.T. 90) 
D.N.T. loj 

compressed . . 

r5fi 

• 

O725 

M .. 6680* 

T.N*,T. go) 
D.N.T.ioj 

Stast .. 

• 


• 6565 

• .. .. 6680* 


* These figures* refei* to the velocity of detonation of the chief con- 
stituent of the mixture at the same density, 

T. 


13 
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Explosive. 


Density. | Velocily. 


Remarks 


D N T 50} compressed . 


D.Xl.X. 

501 cast 
D.N.T. 50/ 

T-N-T. 

D.N.T. 50/ca''^ 

(N G 7 ' 
Dynamite No. ijcuhr i 


Blasting Gelaliae|^'^* 


92 


rN.G. 62 


Gelignite 


Dynamite, 

50 per cci;\t 


(w.M. 8 
/N.G. 50 
IGuhr 7 


KNO33.VJ 
W.M. 07 
ICaCOj -2 

( N.G. 40.. 
NaNOj 42 
W.M. lO / 
CaCOs 1-2 

'N.G. 35 .. 
C.C. 7 


Extra- 

Carbonite 


Wettcr- 
Dynamite 
LIo. I 
u 


I 

Donantei 


BalNOj), 
KNO, 25' 
Tan meal 
iNa.COs •: 
/N.G, 30 

Cartjonitej NaNO, 24' 
No. II. I Flour 40-5 

IKjCrjO, 5 

'N.G. 30 
NaNO, 31 
Flour 30 
W.M. 0 • 
Naphthak 
I Alum I 
fN.G. 3-8 
C.C '2 
AmNOs 80 
T.N.T. 12 
iFlour 4 

(N.G. 4 

Ammon- I AmNOs 8 
Carbonite I KlJOs 10 
•' (Flour 4 > 


1*53 

0280 

2-1 mm. diam. 6660 ♦ 

1-51 

( i.^8o 

1 

Gliieomplctc) 

■■ " . 

i '53 

I 1910 

((Incomplete) 

.. .. 

1-30 

Failed 

20 ,, 

133 

5515 

,, 5'.20* 

•b 3 

1990 

20 ,, 

•85 

,2500 


I '34 

3O70 


1-54 

5230 


1*62 

t>8o() 

" 1 ' 

1*03 

7700 

30 

1-59 

2055 

20 ,, M 

I 07 

7000 


rsb 

4610 

26 , 

1-56 

4440 

>1^ >1 

113 

’ ^970 


120 

4070 

M 

ro 5 

3720 


I 1.0 

3850 

” 

I 16 . 

i i 

. 3900 - 

.. .. 

•89 

i 

1 

1 3700 

2 6 mm . d iam. confined . 

1-31 

1 4140 

30 ' M 

,, unconfined. 

131 

I 3930 

I -06 

^ 3385 

40 mm. diam, 

123 

331.5 

26 ,, t 

119 

I (>50 

30 . , Unconfined. 

I-I 9 

^ ‘•3100 

30 ,, confined; 


♦ These figures refer to the velocity of detonation ol the chief con 
.stitnent of the mixture at the same density. 
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• Explosive. I Density, j Velocity. Remarks. 


4825 

4410 

4y-5 

4960 

394t> 

4^20 

4045 

45«5 

4605 

.3650 

2137 


3690 '40 mm. diam. 

37^0 i .. 


4850 ,21 


The velocity of detonation of Cheddile was given on p^ge i lo. 


‘ PRESSURK OF EXPLOSION 

The exceedingly high pressures attained during ex- 
plosion render txact measurement a matter of considerable 
difficulty. The first real instrument devised to estimate 
these prei?Sures was the Rodman gauge, in which the pressure 
drove a hardened steel knife edge into a soft copper disc, 
the penetration being taken a measure of pressure 
.’attained. The design of this gauge was afterwards improved 
by Nobel, who used a copper cylinder placed between a 
fixed •and a movable steel i^iston. The pressure of the 
gases acting on the base of the movable piston crushed the 
copper cylinder, from the deformation of which the pressure 
could be deduced. This type of gauge is known from its 
mode of action asithe crfisher gauge, and is the stanciard 
method of m«iasuring the mjix’imum pressure developed by 
» propellants iif firearms. When used for this purpqse the 
gauge h either screwed ijito*a hole bor^ in the explosion 
chamber, or it is jnserted behind the cartridge, so that the 
base of the cartridge is in contact with the movable piston. 


I AmNO, 6b 

KNO 5^ 

Rye flour 5 
(AmN03 92 
Thundcrite|T.N.T. 4 
I Flour 4 
AmNOg 42’^ 
T.N.T. 10 

Permonite KCIO4 32‘5 
Staiv. 1 ' 12 
^ ^ W.M. 3 

AmNOj 44‘9 
Ammonal T.N.T. 31 
Al 24 'i 
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This latter point is important, as otherwise the momentum 
of the cartridge would cause abnormally high I'esults! For 
the same reason the movable piston must be closely in 
contact with the copper cylinder, and when the gauge is 
screwed into the firearm the end of the piston on which 
the gases act, or the gas check' which is usually placed in 
front of the piston, should be flush with the end of tl\e 
cylinder in which the piston moves. Otherwise the momen- 
tum of the gases will cause abnormal crushing, . 

For use with rifled arms in which the maximum pressure 
attained is about 15 tons per square inch copper, crushers 
are always used, but with shot guns in which much lower 
pressures, viz. about 3 tons per square inch, ale developed, 
lead cylinders are frequently employed. The use ^ the 
crusher gauge is not, of course, confined to the study of 
propellants, but can be used for the stud}' of blasting 
explosives^- when flred in bombs. It hUs the advantage of 
being inexpensive and convenient, but unfortunately it^ 
use is limited to the measurement of the maximum pressure 
attained, and it gives no information as to 'the rate of 
growth of this pressure. *• 

Owing to the extremely rapid r^te at which the pressure 
rises during explosion, records showing its growth are 
difficult to obtain, and although one or two in.struments 
have been devised for the purpose 'their use is limited, and 
too^nuch reliance must not be placed on the results obtained 
with them. (_)iie of the most satisfactory i,s the Bichel 
recorder. This consists of a massive steel cylinder, the 
internal dimensions of wdiick 'are 20 cn?v in diameto** and 
4^ cci. deep, the capacity thus being 15 litres. Chargef, 
of 100-200 grams are fired, and the pressure attained 
recorded on a rapidly revolving drum 'by means of a piston 
acting against a powerful spring* The ^shape cjf the curve 
gives I a qualitative idea of* the rate of development of 
pressuje, but the maximum is very muck exaggerated/ 
Qwing to the mompitum of tly^ moving parts. By t’eglect- 
ing this peak value and extending the burve backwards 
by extrapolation until it cuts the ordinate corresponding 
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to the moment of explosion a more nearly true value for 
the maximum pressure can be read. 

Owing to the low density of loading the cooling influence 
of Ihe walls is very great, and Bichel has spught to eliminate 
this by using two bombs, one of 20 litres capacity and one 
of j;5 litres capa'’ity. By means of inserting metal cylinders 
of different sizes into the larger of these he was able to 
obtain surfaces of 3600, 6650, and 7600 cifi.-, while retaining 
the same volume of : 5 liti^s. 

On firing charges under these three conditions he ob- 
tained nlaximum pressure values which when plotted out 
against the area were found to lie on a straight line. By 
critending this line to the point area=o the pressure with 
th^ sarface eliminated could be read off. More recently 
Peteval has introduced an improved recording manometer 
in which a very stiff spring is used, and consequently only 
^a very slight movement of the piston takes ^tlace,»-this being 
miagnified by means of a mirror throwing a spot of light 
on to a ranidly moving strip of sensitized paper. This 
Jiecorder has been used for the study of propellants, but not 
for high explosives. 

• • • 

HkAT of KxpLOvSION 

For (l(?tcrmining the Jic'^t liberated on explosion appara- 
tus similar to that used in ordinary calorimetric work is 
used,' but with suitable mocliricqJ.ions to enable it to with- 
. stand the hiji,h pressures attained. Two types of bombs are 
in general use, viz. the comparatively small bomb, the walls 
of wlTich are ver/*thick to ejmble it to withstand the high 
pressures developed, and the large bomb calorimeter in '’ liich 
the increased volume resujts in lower maximum pressures, 
and consequently less mechanical strength being called 
for. Berthelot and SarrjPu both used small, light bombs 
which could (jnly deal with ^ ^ew grams of explosive owing 
* to the^ lack of mechanical strength, and Nobel and Abel 
u^d bSmbs of about 32 gndciq c.c. caj^city, these taking 
charges of 12 an^ 26 grams of black powder respectively. 
Nobel, however, also used a very heavy bomb in which as 
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much as 500 grams of black powde;r could be exploded, 
although the capacity of the bomb was less /^Ihan half a 
litre. It is very difficult, however, to copstruot bombs of 
this type suitable^ for dealing with large charges of modern 
high explosives, although a nickel steel bomb of 45 c.c. 
capacity taking a charge of abort t 20 grams has^ been used 
at the Neubabelsberg testing station, and is said to ^ive 
satisfactory results 

In determining the heat of explosion it is advisable to 
use large quantities of the explosive in order to reduce the 
error due to the rather uncertain corrdetion which has to 
be applied to eliminate the influence of the detonator. The 
uncertainty of this correction is due to the^ffict that the 
heat liberated by a detonator depends on whethet*- it . is 
fired in an atmosphere rich in oxygen or not. If oxygen 
is present not only is the carbon monoxide liberated by the 
fulminate burnt to carbon dioxide, bui the copper of the 
detonator case is oxidized to cupric oxide, and heat is also’ 
liberated by the combustion of the electric wires, etc., the 
detonator always being fired electrically. "Aus it has 
been found that a No. 3 detonator fired in fne absence of 
oxygen liberates only ‘116 Cal whereas ift an oxidizing 
atmosphere it liberates 791 Cal., and the amounts are of 
course greater with larger sizes. In order to 'obtain a 
bomb which has sufficient mechanical strength to .withstand 
the Explosion pressure of l^rge quantities of high expbsive 
without undue thickness of wall, the capaci.^-y must be 
increased. 'Ifthis has been done by Bichel and Mettegang, 
who have constructed a botUt-shaped s^eel bomb w*ith a 
capacity of 30 litres. Its walls are about 13 mm. thick, 
and it weighs some 76 kilos. The usual charge of high 
explosiv'e used is 100 grams, but in the case of black powder 
moie than double this amount tan berused with safety. 
All the usual precautions of ca, 1 orimetry are applied, and a 
thermo;meter reading to *001° C. is employed 'for observing 
the rise in temper,ature, as oh account of the lar^^ heat 
capacity of the metal the rise in temperature of the sur- 
rounding water is only about 1° C. 
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The figures thus (jbtained give the heat evolved when 
the explosive is detonated and the gases cooled to the 
ordinary temperature, and therefore include the heat 
evdlved by secondary reactions, such as the condensation 
of th§ greater part of the water vapour produced, and the 
hejit evol\^d bv th^ oxides oi the alkali or alkali earth 
metals combining with part of the carbon dioxide produced 
to form bicarboniates. Hence, in order to obtain the heat 
That would be actually ^Volved under practical working 
conditions corrections must be applied. The following 
figures give the hcc^t liberated by the explosion of a few 
well-known explosives. The figures refer to major calories 
per kilogram cf explosive : — 


Name. 

Composition, 

Heat liberated.' 

Dynamite No. i . . | 

N.G. 

Guhr 

75 ' 
25 

[ ”70 

Blasting Gelatine . . { 

N.G. 

C.C. 

92 

8 . 

1 01422 

1 

N.G. 

63*5^ 


Gelignite . . . . | 

C C 

NaNOs 

1*5 

27*0 

1 1321 

.. 1 

WM, 

8-0 


• . ./N.G. 

3’8 



c.c. 

•2 


Dotiarite . . . . \ 

T.N.T. 

12*0^ 

) «36 

• 

AmNO, 

8o'o j 


* 'Flour 

4-oj 


1 

:i>N.T. 

4 ' 


Thunderite . . . . j 

AmNOg 

92 

777 


Flour 

4 . 


N.G. 

25 ] 


1 

iKNOg • 

30-5 1 


Carbonite . . . . \ 

BaiNOs) 

2 4*0 1 

' 576 

* * 

IW.M. 

40 ’0 

. 

1 

iNa.COs 

•5i 


• 

KNOg 

75 i 


Gpnpojvder . . 

C. 

13 

574 


s. 

12 


T^itroglycfrine •* . • 

— 

, 

1471 

Ammqriiuip nitrate . . 

--- 


365 

Mercury Fulminate . . 

___ 


407 



soo Explosives 

Calorimetric experiments can also be combined with 
measurement of the volume of gas liberated. .This can be 
ascertained by direct measurement, but tlje large volumes 
render this method troublesome. An alternative method 

r 

is to weigh the calorimeter before and after allowing the 
gas to escape,^ and then calculating the volume from the 
weight found together with the density. More usually, 
however, the pressure is measured when the temperature 
has become constant, and the volume at K.T.P. then calcti-, 
lated by the laws of Boyle and Charles. 


Temperature of Expeosion , • 

* Very little is known of the temperatures attained by 
explosion, and no attempts seem to have been made to 
measure them directly, although the difficulties of doing 
so by meians V)f an optical pyroineler should not be^ 
insuperable, this method having been, in fact, used for, 
testing caps (see p. 152). It is tlieoretically possible to 
calculate the temperature attained from a knowledge of 
the total heat liberated and the specific lieafTand latent 
heats of vaporization of the prodi-icts of Explosion. Un- 
fortunately two factors militate against the accuracy of 
such calculations. In the first place, nothing is known of 
the equilibrium conditions from a chemico-dynamic point 
of view of the products of pombustion. It is fairly certain 
that at the high temperatures reached both carbon dio?cide 
and water ace to a larce extent dissociated into their 
elements— 

2CO2 $ 2PO + O2 2C + 2O2 

2H20^2H2 + 02‘ * 

and,, probably this dissociation t'ovsoine ^'xtent gpes a step 
further, molecular oxygen and hydrogen breaking down 
into the monatomic state. In all the above chses the high 
pressure attainted tends to forc|‘ tl^^ equilibrium to t^e left 
side of the equation, but nothing is known* to the com- 
position of the equilibrium mixtures under the conditions 
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attained during or knmediatel}^ after explosion, and the 
same appUec to other side reactions, such as the temporary 
production of ir; ethane. These side or consecutive reactions 
do* not, of 'bourse, affect the total heat pgroduced, but they 
do af ect the temperature attained by causing the explosive 
reaction to tak^ place over* a greater time. Jn other words, 
c?de and consecutive reactions produce a lower temperature, 
but maintain this temperature for a greater time, the heat 
.evolved being the ss’iie asuf the reaction had been a straight- 
forward one taking place in one step. 

In the second piace, the specific heats of gases are not 
even approximately constant quantities, but increase with 
increasing temperature, and it is impossible to determine 
^hem^at the high temperatures attained during explosion^ 
especially as these temperatures are unknown. Mallard 
and be Chatelier have investigated the matter, and have 
^deduced the following values (minor ctilorie^ for the 
^molecular heats at constant volulne of gases at temperature 
f C. 

Permaj^^' ^ases, such as N2, O2, H2 and CO 4 "So + ‘0006^ 
Easily corideysed gases, such as COo and SO2 6-26 + *0037^ 
Water vapour * 5’6i + '0033^ 

and othel- investigators. h..vc obtained similar figures. To 
what extant these figures are accurate it is difficult to say, 
but it is improbable that thei^i accurac)^ extends beyond 
i5oq° C., whereas most temperatures of explosion are pro- 
bably nearer 3000° C. The values of Mallard and be Chate- 
lier Save, however* been adopted bv the firench Government 
'for the calculation of the temperature of explosion of rafety 
coal mine explosives. The calculation is a somewhat 
cumbersome one, but is quite straightforward, an& as the 
temperatufes of «xplosidn of explosives for use in coal 
seams must Mot exceed i5oy°*C., or 1900° C. in the case of 
explosives for use in rock in coal mines, the resiilts are 
probably more yr less a^Cumte, at all events, as far as tjie 
former are CQiicepied. 
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Chronography 

In the case of propellants the velocity ;imparted to the 
projectile by the explosive tinder conditions of use is a mdst 
important point. The velocity of the projectile at v£^pous 
points in its trajectory is of fne utmost ,.impbrtance ^n 
gunnery, but on^e the projectile has left the muzzle thf* 
influence of the propellant ceases, so that from the explostye 
manufacturer’s point of view it is' the mpan muzzle velocity, 
usually abbreviated to that matters. The name 

ballistics is given to the study of the flight of prcjectiles, 
internal ballistics dealing with their behaviour when in the 
barrel, and external ballistics dealing with theil flight fro^ 
fnuzzle to target. The subject of ballistics is highly ntSthe- 
niatical in nature, and no attempt will be made to treat it 
beyond very briefly indicating the general principles on 
which th^ expicrimental determinatidn of velocity is 
based. • ' 

Instruments for determining the velocity of a projectile 
are known as chronographs, and, generally speaking, are of 
two types, viz. those in which the time is meaftirfftl in terms 
of the time taken for something elsip to hapj^en, e.g, in the 
time taken for a weight falling freely to fall a certain distance, 
and those in which the time is Recorded dirfectly.* As the 
muzzle velocity attained by projectile^ from modern high 
velocity rifled arms is usually *from 2000 to 2500 ft. per 
second, the time recorder must be capable (jf recording 
small intervals of time. The passage of the projectile over 
the space in which its velocity is; being deteufliined is indicated 
by ‘placing thin, brittle' copper wires in its path, the projectile • 
severing these wires and thus breaking an electric circuit 
so arranged that this interruption is recorded. 

Le Boulenges Chronograph is «hown<,diagraijimatically 
in Fig .4,32. The fracture by the projectile of J:he first wire 
breaks the circuit of the electro-magnet A, aitd allows the 
weight B to fail. Tflis weight tbe form of i tub^ 
sliding freely over a vertical rod, so that il c^n fall freely 
in an upright condition, but cannot topple over. To avoid 
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all chance of friction between the tube and the rod the latter 
is sometimes omitted, but in this case it is difficult to be cer* 
tain of the w eight falling true. The fracture by the projectile 
of Ihe secori wire breaks the circuit of tjie magnet C, and 
allow® the weight D to fall on to the button E. This latter 
is .connected wHh a*trigg& and spring arrangement, not 
shown in the diagram, so that wheA 
struck it releases the knife point F, 
which, being actuate 1 by tSe spring, 
strikes the falling weight B, and 
leaves mark on’^its soft metal 
covering. By holding C with this 
in contact with F and then 
mcasiiTing the distance between the 
top of the weight and the bottom 
of the electro-magnet A, the distance 
^which the weight has fallen can be 
found, and from this the time Cal- 
culated. There are, however, several 
purees of error in the figures thus 
obtained, *ana these must be cor^ 
rected. In the* first place, Vhere is 
the lag in the demagnetization 
(hysteresfe) ci the two magnets, 
which may or may not oe the 
same; and in the second pljcc. Chronograph, 

there is the time taken by the weight 
D in reaching E and the time occupied by F-dn springing 
forward. These ?frors are bv«t allowed for by determining 
•a zero value, this being done by breaking the two cir^iijits 
simultaneously. When tlys is done* the distance fallen by 
B represents the magnitude of the lag due to electrical 
and niech^ical delays, tiiid is to be allowed for ^^Jien 
calculating velocity. , * « 

This ^nstrtiment is simple to ase, and gives very fair 
rbults^over short distaij€es» but when^measaring a coi^- 
paratively laj-ge ^interval of time the experimental error 
becomes big. This is due to the fact that when a body 
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falls under constant acceleration, in this case the accelera- 
tion due to gravity, the space traversed varies as the square 
of the time— 

or taking the value of / as 3^ in foot-seconds uniats — 



4 


vSo long as vS is small, slight experimental error does hot 
affect t to any great extent, but when S becomes compara- 
tively large experimental error affects t slVerel5n ‘ 

To overcome this difficulty Le Boiilange devised an 
instrument which he named the Klepsydra, anef which wgs 
based on the sand-glass principle. It consisted of^ 
shaped vessel fdled with mercury, the foot of the T being 
provided with a needle valve. This was actuated elec- 
trically, tke breaking of the first wire* opening the valve, 
and the breaking of the scc6nd wire closing it. B)' weighing , 
the mercury which ran out in the interval the time during 
which the valve was open could be deduced. Zero valu^ 
was obtained by breaking both circuits simulfanebfisly. 

The Bashforth Chronograph is*- based An a different 
principle, the time being measured by the beat of a pendu- 
lum. It consists of a revolving drum covered with smoked 
paper and geared to a board in such a way that as, the drum 
reveres the board descemjs in a vertical direction. • The 
board carries two styles which are held away from the 
surface of the smoked paper by means of electro-magnets. 
The circuits of the-se ma^net^ are brokett‘'in succession by 
th^ ^projectile, thus allowing the styles to spring forward 
and mark the smoked paper on fhe drum. By means of a 
similar Arrangement the pendulum makes time marks on 
the ^aper so that the time that has elapsed bo^.ween the 
breaking of the two circuits is re/idily read off. , 

As in be Boulange's instrument, electrical and mec^nical 
la^g is correcteef for ,by breaking th^' circuits simultantously . 

The Schultze-Marcel-Dieprez Chronogrqph ,is somewhat 
similar in construction, the breaking of the circuits of 

i 
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electro-magnets catts?ng points to impinge on smoked paper 
attaclfed to ^ revolving drum. In this instrument, however, 
time is mai>:ed simultaneously as a sinuous curve by means 
of <i tuning fork* of definite note, a style being attached to 
one prong and this style being in contact tvith the revolving 
drum* Tbe tuning-fork m oi,e of the most convenient 
n^ethods of recording moderately ^hort inteitvals of time, 
aui*is widely used in all branches of ph^^fcs. As a matter 

convenience the fork n^ay be electrically controlled. 

The Mahicu Ckronograph is very similar to the above, 
but the drum in ad;htion to a rotatory movement has also 
a longitudinal movement. The pens are in permanent 
contact with fhe surface of the paper but are attached to 
si'Jrinjc^i so that they spring to one side when the circuity 
of the electro-magnets are broken, thus causing a sudden 
momentary change in direction in the line being traced. 
The gearing controlling the relative longitudinal and rotatory 
•movement of the drum is capaj)le of alteration^ so as to 
Tender the instrument suitable for measuring high and low 
velocities a¥.d of dealing with both short and long flights. 

* Of c(»^r'' either the Bashforth, the vSchultze or the 
Mahieu instrui^ient can be used for studying the velocity 
of a projectile at different points of its flight, it being only 
necessary^to ad J more pens, but the Mahicu instrument is 
best adapted tor worJ. of this nature. 

• ‘ ^ 
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Section IX.-SENSTTLVENESS AND 
STABILITY - 

An explosive must fulfil certain conditions as regards 
sensitivPtiess and inability if it is to be suitable for com- 
mercial use. Unless intended for use as an initiator in 
percussion v-?ps or detonators it should not be unduly 
sensitiiie to mechanical shock, as if it is it will be unsaf* 
to handle and transport. At the same time it must be 
moderately sensitive to detonation and should be exploded 
fairly easily by infkience, i.c, by the explc^ion j)f another 
•cartridge of the same explosive lying near it but not actually 
*in contact with it. A moderate degree of sensitiveness to 
explosion iw influence is very desirable, as in blasting 
operations bore-holes are usually charged with several 
cartridges whijh may ^e separated from one another by 
an air space due to defective ramming or by a layer of dust 
that has,fallcu into the hole during charging. Only one 
cartridge carries a 'Jet&nator, and hence if the explosive 
is noj: rea'dily exploded by influence some of the cartridges 
■ may fail to detonate and may ^ause an accident by being 
struck with a pick or shovel later on. , 

Stability is alio highly d^sfiable in an explosive intended 
.‘for practical use, as should cheifiical decomposition take 
place during storage either the explosive may fail to detonate 
owing to loss of explosive properties, e.g. mercury Mminate, 
or it ma^^'becon^f exc^sively sensitive or even expjode 
spontaneoilslj^, e.g. chlorate-sulphur mixtures. All jrganic 
^ nitric esters have a tendency* to decompose spontaneously at 
the ordinary temperature^with the pif)ductioj of nitric acid. 
In most cases tile reaction is an extremely slow one, bUt tte 
velocity is greatl^^ increased by the catalytic effect of acids. 
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Since acid is actually produced by t£e decomposition the 
reaction is auto-catalytic, and hence it is of ^ the utmost 
importance to test all explosives to determine the relative 
rate of production of acid. The Abel Heaf Testis designed 
for this purpose, dud in spite of its numerous imperfections 
gives a fair idea of stability. tChlorute-sulphur mixtures 
become dangerous from a similar cause, as atmospheric * 
oxygen converts Vaces of the sulphur into, sulphuric a\>id, 
this in turn liberating the highly dangerous chloric acid, i 
In addition to chemical stability, physical stability is' 
also of importance. Thus most explosives containipg nitro- 
glycerine are liable to “ sweat ” or “ exude ” this substance, 
and as nitroglycerine is very sensitive to shocks the sensitivc- 
Mess of the explosive is greatly increased although no cl)iimictil 
decomposition has taken place. Blasting gelatine is par- 
ticularly liable to exude, exudation from Gelignite and 
Gelatine pynajiiite being hindered by the absorptive 
properties of the wood meal used for doping these explosives. * 
Deliquescence is another example of what may be termed* 
physical stability. Explosives containing hygroicopic sub- 
stances such as nitrate of ammonia take up n^pistiu^ rapidly 
and may become quite unfit for use in a short time. The 
behaviour of an explosive whem subjected to heat is also 
important, as is its behaviour when ignited^ it b^ing pre- 
ferable from a safety point of vietv tliat under these cir 
cum^taiices it should burn away, quietly without Exploding 
Finally, with powdered explosive mixtures degree of incor' 
poration must be examined, as if not ])roperly ihcorporatec 
the constituents may separate when submitted to vibration 
e.gt during transport, the explosive sutsequently giving 
irregular results. 


MKCH.^NlCAn 'tSlIOCK 

Mechanical shock may bc'of two types, viz.' shock due 
to friction or shock due to a direbt blow. Comparative tests 
to determine tiie rela^iive sensiti\eness to friction ^f two 
ex*plosives are difficiilt to carry out owing *to the impossi- 
bility of fixing a standard of friction, but h rough idea can 
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be obtained by various means such as grinding the samples 
in a nfortar under as similar conditions as possible, striking 
them a glancing blow either by hand, or, better, by means 
of a pendulum arrangement. , 

A direct blow is much more easily imitated, and the 
falling weight test is invariably made use of. The apparatus 
for‘'this consists of an anvil surrounded 
by d cylinder in which a piston works 
"f.eely in a vertical direxrtion, but is 
incapable of lateral movement. The 
explosive, is spread the anvil and the 
piston inserted into the cylinder so that 
its lower en.l rests on the explosive. 

Thb Lip^r end of the piston is then 
struck a blow by a definite weight falling 
from a definite height, the height being 
gradually increased ufitil explosion takes 
jiiace. The falling weight slides 'freel}' 

(?^er vertical guide rods so as to assure 
its falling true and striking a direct and 
u6l a giant in g blow. The apparatus is 
shown in Fig. 33^ ,, , 

Theoretically the force of the blow is 
given by the micbs of the fi)lliiig weight 
multiplied by the velocity with which it 
strikes,, or — 

Fig. 33— Falling 

F.= MXV2^S orF=8MVS Weight Test. 

.where tM is the mti^s of the -hilling weight, S the height 
tljrough which it has fallen, and g the*acceleration duc^to 
gravity. In other words, tl^e force of the blow should be 
proportional to the product of the weight into the Square 
root of the l^ight. ^n practice this is not the case, but the 
test is not orsufficient accuracy ‘to be susceptible to muthe- 
, Tjiatical treatmAit. For one thing, the results depend on 
the thicliness of the lay e;^ of, the explogive, its physipal, 
nature (density^, size of grain, etc.), nature of the surfaces 
with which it is in* contact, temperature, etc. ; and hence, 
T. ’ , 14 
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in order to obtain comparable resu^fts, the measurements 
must be made under strictly standard condi^ons. a These 
have been laid down by an International Committee as 
follows ^ * 

The anvil and the piston are made of hardened steel, 
the former restin,^ on a firm foundation, and the area of 
each is 127 mm.2 (1-27 cm. in diameter). The weight 
of explosive used is the amount being chosen so as 

to give a layer of standard thiclfness when spread unifoEitd} 
on the anvil. The sample is dried over calcium chloride 
before use, and a fresh quantity taken^for each e^^periment. 
The standard temperature is i8°“2o‘'C., and the weight used 
weighs two kilograms. «■ 

Although these are the “ Official” conditions thpi cannot 
as yet be said to be generally adopted, and most data avail- 
able have been obtained under somewhat different conditions. 
The following results give a fair idea 0^' the figures obtained, 
and were given by Will at the VI. Congress of Applied 
Chemistry. He used *1 gram of explosive which had been 
dried at 40® C., and which was confined between iteel surfaces 
and struck by a falling weight of 2 kilos. 


Mercur}’ Fulminate 

2 cm 

Nitroglycerine (dry) 

•e 4 

Lead picrate 

• - H •• 5 .. 

Hinitroglyceriue . . 

n 

Dynamite No. 1 « . . 

7 n 

„ (frozen) . . 

.. .25 „ 

Blasting Gelatine 

..12 

,, (frozen) 

.. 7 .. 12-15 .c 

Gelatine Dynamite 

17 » 

Gunpowder (sporting) . . 

..7^ M 

» ,, (blasting) 

. . 85 „ 

Cheddite, Type 60 . .»» 

.. 32 „ 

Type 41 _ . . 

• • • ■ t,.b ,( 

‘Tetryl 

. , 40-65 „ 

iHexa-nitrodiphenylamine 

40' .> 

T.N.T.* 

57-i8c „ 

Dinitrobenzene . . 

. 120 „ 

Tri-nitronaphthalenc 

.. " 175 M 
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Ammonium picnate 
Ficric Acid 

GuncoUon (15 % H2O) . 
Collodion (^5 % HgO) . 
Nitrocellulose propellants 
aA^straJite . . ..... 

Donarite 

Guncotton (20 % HgO) . 
Collodion C20 % HoO)^ . 


. . 80 cm. 

■ • 35-95 ,, 

■ . 85 „ 

. . 100 ,, 

•• • 30-54 M 
. . no ,, 

. . • no ,, 
''ver 185 ,, 
*over 185 „ 


The following figures give a rough idea of the result of 
using (Merent we^ffhts, in all cases 'i gram of explosive 
being used, and this being wrapped in tinfoil. The falls 
are given in centimetres — 


Explobive I Composition. 


Guncotton , . Dry 

,, . . i 15 % HjO 

•Picric Acid . . Cry-stalliuc 

<» ,, ,, > Compressed 

T.N.T . . . . Crystalline 

,, . . . Compressed 

ij N.G. jo 

Carbouitc No. 2 J 24*5 

j Flour 40-5 

lft2Cr207 5'# 

,N.O. j 8 

lire. -2 

Donantu • . . { AmNO, 8o-o 

I -1 N.T.' i 2 -t) 
• V Flour 4 ’o 




•I Kg. 

•5 Kg. 

t Kg. i 2 Kg. 

5 Kg. 

^0-40 

5-10 

j 1 

5-10 5-10 


— 

15-20 

lo-fj I *-15 

5-10 


- 

190-200 loo-no 

50-60 



— ,140-150 

80-90 

— 


180-190 : go-ioo 

50-O0 

' 

j 

— 1 150-100 

80-90 

! 60-70 

i 

10-20 

10-20 i 10-20 1 

! 1 

-- 


— 

i 

120-IJO 00-70 ,15-20 


The U.S. Bureau of Mines make use of a iinuch larger 
machine in which^reater qup^tities of cxj^losivc (20 grams) 
.can be used. The falling weight weighs 200 kilos., and ♦tis 
claimed that the figures obtained are of greater value, as 
actual practical conditions of use are more nearly iiftitated. 
The result^ obtain^ with fhis machine are quite diffei^nt 
from those obtained by the smaller machines. 

Deitonation 

sensitiveness ''to detonation depends largely on 'the 
physical state of fhe exjdosive undergoing test, and almost 
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invariably decreases with increasing density, at high 
densities most explosives becoming so insensitive that* they 
either cannot be detonated at all or, if detonated, .ihe detona- 
tion is incomplete. At low temperatures sensitiveness ‘ is 
also diminished, while at elevated temperatures, as vjould 
be expected, tbe reverse is the ca&. ^ " 

Ease of deton^ation is* very simply determined by firii]g 
cartridges of the ^ explosive with detonators of different 
power, and thus finding the weakest that will cause complffTe ' 
detonation under the conditions of the experiment. In the 
case of insensitive explosives that requife a primer*of some 
more sensitive explosive in order to detonate them completely 
the minimum weight of the primer is determined in the same 
way. \ 

Infi.tjence 

The capacity of one cartridge of an explosive to detonate 
another ckrtrid|e separated from it by an air space depends 
on the sensitiveness of the explosive and on the velocity of 
detonation, and hence also on the ])])ysical state of the 
explosive. It also depends on the nature of the surface on 
which the cartridges are resting, being at a tniniiiflim when 
they are suspended so that thu u ai e oi detonation can only 
be transmitted through the air, and at a maximum when the 
cartridges are resting on some h8ir(\. solid substance such as 
iron, in which case the wave of detonation is, no doubt 
‘largely transmitted through the solid body. The dictance 
through which detonation is transmitted is determined by . 
the method bf trial and failure, cartridges being exploded at 
increasing distances untjl the«-detonation \s no longer irans- 
niil1;ed from one to ajiother. The figures thus obtained, 
depend^ very much on the explosive, and vary from a’ small 
fraction of an inch to several feejt. They also depend largely 
onVhe quantity of explosive involved, tkeexphgion of large 
amounts, as for example duriijg an accident,, being capable 
of exploding other ej^plosives at a considerable distance. • 
# With references to this experiments have beem carried 
out to determine the velocity with which, the wave of 
detonation is transmitted through air. This was done with 
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detonating fuze in mdch the same way that velocity of detona- 
tion (page T^;) is determined, two cartridges being separated 
from, but uang^iig end on to one another, and detonators 
inserted iii'.o the inner ends and conneorted by detonating 
fuze* One of the cartridges wa*; then fired by an independent 
detonator, and ' lie velocity of the wave of detonation through 
th^ air space determined by the behavi^'r of the fuze. It 
was found that the wave, of detonation starts through the 
air with about the ume Velocity as it has in the cartridge, 
but that there is a retardation of about 50 metres per second 
for every centimetre of air traversed. 

Heat and Ignition 

• • 

^ The temperature at which an explosive ignites or explodes 
depends on how rapidly the temperature is raised, and is not 
a definite value lik^e the melting-point of a pure chemical 
compound. It is rather analogous to the melting-point of 
a chemical compound in which decomposition sets in before 
its melting-point is reached, so that if the heating takes 
pjace slowl}- an indefinite value is obtained, whereas if 
the heating is rapid a fairly definite point can be deter- 
mined ai- which the coApoitnd melts before decomposition 
has gone far enough to have much effect. Hence, in deter- 
mining the ignition poiii'. of an explosive a preliminary 
experiment should first be carried out in which the heating 
is slOVc in order to determine ^n approximate value, ancf 
then a nioie accurate measurement made in which the 
apparatus is pre-heated to this point before the explosive 
,is infroduced. By this mean?! it has beefi found that nit^jo- 
glycerine explodes at about 170'' II. and nitrocellulose at 
io°-20° higher. . • ^ 

From the point of vie.w of safety it is desirable that 
an explosf^^^ shduld burn ^ away quietly without •ex- 
ploding if aocidentally ignited, but the behavioui* of an 
explosive under thesfe circumstance^ depends largely on 
how tlfe ignition, is starteicl, the degree oi confinement of the 
explosive, and op the quantity. Hence laboratory results 
are of comparative!}^ little value, although more or less 
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useful indications can be obtained by igniting small quan^tities 
in various ways, such as by means of a match or^a piece of 
safety fuze, or by throwing some of the explosive? into a hpt 
dish. As a rule, ‘•when in small quantity, nitroglycerine 
explosives burn away fiercely^ bu^ do npt explode, but <^vith 
larger quantities explosion generally takes place. Ex- 
plosives containing chiefly ammonium nitrate and small 
quantities of nitroaromatic compounds, on the other hand, 
are almost incombustible, but large quantities SubmittS 
to a high temperature may explode. 

Incorporation 

Black powder and other explosives containi;>g only solid 
constituents, such as ammonium nitrate explosivefvr*^f ndc 
sufficiently incorporated, may settle out when submitted to 
vibration during transport, and thereafter either do not 
explode at all qr give very irregular reimlts. To ascertain 
if the incorporation is satisfactory a sample of the explosive ‘ 
is submitted to vibration for a number of hours in a type of * 
shaking machine. This is best constructed in srch a wa>’ 
that the vessel containing the explosive is raised hr a caifi 
or .sprocket wheel and lever and^ then allowed to drop 
back on to a metal stop. After a period of vibration the 
top layer and the bottom layer of the explosive arq, collected 
separately and analyzed. 

Deliquescence 

The capacity of an explosive to absorb moishare from the 
air is an important point, e.specially witlj those explosives 
w\nch contain highly, hygros(5*opic salts isuch as nitrate of 
ammonia or soda, as the absorption may reach such a point ' 
that the; explosive can no longer be detonated, or in the case 
of nitroglycerine explosives the water taken up may displace 
the ^nitroglycerine and thus give Ase to ‘dange*^*' The deli- 
quescence of an explosive depends chiefly on itjS constituents, 
but is Ulso infliienced ^by the metliod of incorporation, non- 
ddiquescent ingredients such "as flitroaroiratic compounds 
acting to some extent as waterproofing when the incorpora- 
tion has been carried out hot. Deliquescence being a surface 
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actioq also naturally* depends on the size of the grain and 
on the porosity. In examining an explosive for deliquescence 
th^e most satisfactory method is to compare its behaviour 
in this respect with another explosive under similar circum- 
stanaes. 'fhis is vqry siyaply done by spreading known 
weights on walch glasses and then exposing them to the 
aaijiospherc for the same number of hoiu-s and noting the 
« increase in weight. As the humidity ()f the atmosphere 
•varies from day to day it is better to expose the samples 
ill a closed cupboard maintained at a constant temperature, 
the humidity of tfie air being maintained b}' flat dishes 
containing water or saturated solutions of salts. 

Exudation 

The British Home Oflice regulations for testing for 
exudation lay dowi?that a section of the cajtrid^ approxi- 
•mately ec|ual in length to its diameter shall be cut so that 
^*the ends are flat and the edges sharp. This is then pinned 
on to a flfcl surface with its axis vertical by a pin passing 
through* tljr c-" litre and exposed to a temperature of 85° to 
00'’ Fahr. (29-4” to 32*2'’ C.) without any wrapper for 144 con- 
secutive hours, at the end* of which time the upper cut 
surface n;ust slid be flat and the edges sharp, and the diminu- 
tion of height musA; ifot exceed 25 per cent. American 
Straight t)ynamites are veiy apt to exude nitroglycej-ine 
’ throujih absorption of water, and in the United States thre? 
tests are in use. In one the explosive is pressed for i minute 
between pads of cotton woof^at 80 lbs. ^er square inch and 
.‘.must not show a loss of more fiiam 3 per cent. In^ ^le 
second test it is submitted to centrifugal force when enclosed 
between cotton woOl, anJ again in this case the l^ss must 
not excee^*3 per-cent. ^I’inally it is placed in a vertical 
position a'fia heated for 6 day» at 40° C. 

iNTERNiy^tONAU COMMITTEE ' 

In 1912, the International Committee on Tests for 
Explosives recommended that the following tests should 
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be applied to explosives in order to iiscertain their safety 
for transport : — 

I. Preliminary Test t ' 

Two samples ^ach of ten grams of the noh-desiccated 
explosive arc placed in glass cJV)sulea fitted wijh a trover 
and having a diameter of ;5 mm. and a height of 50 mm. 
The samples are licsoted to 75° C. for 4 hours, and at the en^ of 
that time no decompOvSition or change in ajijiearaiice must - 
have taken place, and no smell must be 'noticeable. 

t ^ 

II. Mechanical Shock 

The explosive is dried and jiowdered, and^ •p5-'io gram 
is spread on a steel anvil in a layer 1*27 cm. in dian^er aitd 
tested by the falling weight. The explosive must not be 
more sensitive than an equal weight of pure, dry jiowdcred 
picric acid when tested under exactly similar conditions. 

i 

III. Priction * 

The exjilosive is ground in an unglazed porcelain mortar 
at a temperature of 25^-30^ C., and its behayiour qompared 
with that of picric acid under similar treatment. 

t * * 

IV. Fire 

[a) Three grams of the explosive are tapped down into 
a glass test tube and its behaviour towards slotw-burning 
taft?ty fuse tested. If it ignites it must be classified as 
deflagrating and easily inflammable. » 

[h) The Explosive is thrown into a hemispherical iron 
dish, 12 cm. in diumetet, at\l red heat} At first only *5, 
graifl of the explosive ij^ used, but if this does not explode 
or ignite the amount is gradually dnere^^ed to 5 grams. 

(c) One hundred grams are placed on a sheet of asbestos 
boaKl and then touched with an irOa rod 15 mrn, iji diameter 
heated* to a cherry-red heat (ab^ut 900° C.). The explosive 
should fc only burn slqwly, and must not detonate, The 
ig^iition should die Oiut when tl*e hat rod is Removed. * 

The Committee printed their recommejidafions in both 
French and English, but the English version is so 
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ungrammatical that* the foregoing description is abstracted 
from the French. 

• • Thk Heat Test 

'Jfhe test known as the Heat Test was originally intro- 
duced by* Abel for Testing the stability of ^guncotton, and 
dej)ends upon the time required to ])roduce a given tint in 
starch-iodide paper when the explosite is heated under 
standard* conditior*;. Tfie exact conditions under which 
the test is carried out have been modified from time to time, 
but in iqoq the F>ritish Government appointed a depart- 
mental committee to investigate the whole matter and to 
specify sta^llard conditions for the test as apjdied to ex- 
plosive*; of various classes, and this committee presented ifs 
First Report in iqr^. In Great Britain the Heat Test is the 
standard test of stability applied to all explosives, and unless 
an explosive satisfies this test it may neither be sold nor 
transported. Owing to the great importance lent to the 
test b>’ these regulations the conditions under which it is 
carried ofit will be described in some detail. 

In ^an v 111)5; out work with the heat test it must be borne 
in mind that it is exceedingly sensitive, and hence the most 
scrupulous cleanliness is absolutely essential. A special 
room mcist bv devoted t,o it, the floor and walls of which 
are washed at frcxluent intervals, no reagents other than 
those required for the test bhould be allowed into the w)oiji, 
and tlie royni should be situated as far as possible from the 
acid department. The room should be entered by as few 
pedicle as possi^ie, and the^opeiator must wash his hands 
and rinse them with distilled watef at frequent intar^als. 
Direct sunlight should also be exciuded from the room. 

Most factories! especially those holding Gc?vernment 
contract^ purchj^e thgr test papers from the Royal^Gun- 
powder fiac\pry at Waltham Abbey, but the followiii^ official 
regulafions Have been laid Sown for their preparation : — 

• Tile purest potassyifn ^iodide Sbtainablo commercially 
is to be punfieS immediately before use by triple recrystalli- 
zation from* pure ethyl alcohol diluted with one-twentieth 
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of its own volume of distilled water. ' The crystals are to 
be kept as small as possible and are to be dried in the 'dark 
on clean filter paper resting on a glass plj\te. When dry 
they are to be laid i,n a thin layer at the bottom of a platinum 
crucible and heated to dull redness for one minute, a s^nrit 
lamp burning pure alcohol being used. ^ 

The starch is to be best maize starch in the form ,o-f 
cornflour. Immediately before u^e it is wnshed six times 
with freshly distilled water, and then dried in a \varm room 
in the dark on an unglazed ])orcelain plate. 

The solution is prepared by suspeiVling 3 gi’ams of 
vStarch in 30 c.c. of distilled water and then pouring the 
suspension into 220 c.c. of freshly distilled boiling watef 
Contained in a Jena glass flask. The whole is th^i kept 
gently boiling, with occasional shaking, for 5 minutes, a 
spirit lamp burning pure alcohol being used. The solution 
thus obtaiifed is poured into a solution of 1 gram of potassium 
iodide in 250 c.c. of distilled water, and the whole well mixed 
and allowed to stand overnight in a dark room. The follow- 
ing day the clear supernatant liquid is syphoned off an^. 
immediately used for dipping. This is done 1 ?\’ pouring the 
solution into a porcelain tray reoerved for tlu purpose, and 
then passing sheets of filter paper through it singly so that 
all except 3 cm. at the end of thi s^rip passes beifeath the 
surface of the liquid. The pape? is then hung up by the dry 
p^art‘and a clean glass rod passed down each side to reriiove 
the excess of solution, after which it is allowed »^o dry in a 
warm dark room. When dry the undipped part is cut off, 
and also strips 5 cm. wid^e roiwid the edges, these portions 
beii’i^ rejected. The remainder is then cut into rectangular 
slips 2 cm. long and i cm. wide and ^preserved for use 
in brown glass bottles. While putting up the. paper the 
‘ operator is to wear clean cotton gloves, and the^ljiparation 
of the paper is to be carried out, in a special room reserved 
' for the purpose and kept as dark as is compatible with the 
ca^ryipg out of the \YvOrk. The Memorandum issued by the 
committee describes a method of testing the sensitiveness 
of the papers thus prepared. ^ 
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The quality of thft filter paper used is of considerable im- 
portance, aftd the committee have as yet been unable to fix a 
definite spe nfic^^tion, but suggest the following tentatively : — 

(i) To ''onsist entirely of pure normal^cotton cellulose of 
stro/^lgly resistant quality and free from any loading or sizing. 

, (2) To hav^' a smooth white surface, both sides being as 
nearly alike as possible. * 

(3) The average lengtl^ of the fibres t& be 2 ± ‘5 mm. 

(4) The thickne s to bb i -8 ± ‘2 mm. (Ciceri v‘>inith’s patent 
fixed pressure micrometer). 

(5) The last treatment in its preparation to be a thorough 
washing with distilled water, and subsequent air drying in 
Oj pure atmosphere. 

• (6) To be free from all impurity, particularly acidf?, 

chlorine and peroxides. 

(7) The loss of weight when boiled for i hour with 3 per 
cent, caustic soda solution not to exceed 7‘5^^er c«nt. 

(8) It is not to produce more than i‘25 per cent, of 
its weight of cuprous oxide when heated to 100° C. for 

minutes with Fehling’s solution diluted with its own 
volume of boifing water. 

(()) The shc*ets are t« meiisure 50 cm. by 15 cm. and are to 
be packed in hermetically sealed tin cases holding 100 sheets 
each. • ' , • 

The standard tint is piepared by shaking ‘48 gram of 
finest yellow ochre, *2 gram jaw umber and 5 granft gf 
fine white gum arabic, all of which have been very finely 
ground in an agate mortar, with 100 c.c. of cold water until 
the* gum is dissolved. Aff^M' st^ding ^or i hour a stylo- 
graphic pen is filled from the centre* of the suspensio'^f, tind 
with it lines not le^s than *5 mm. or more than i mm. wide 
are ruled across filter paper. 

This^^o^es notfseem«a very satisfactory method ot pro- ■ 
ducing a standard tint, as^commercial pigments are apt to 
vary ;n shade, but a sealed pattern is^kept at the Home Office * 
withVhich coipparisont cam be made., , ^ 

The app^ra^us for carrying out the heat test consists of 
a constant-level cypper water-bath with seven equally 
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spaced holes in the cover, one of theie carrying the ther- 
mometer and the other six the test-tubes containing the 
explosives under examination. The level the water is 
J in. below the cqyer. The test-tubes are 5| in. long, and 
have three etched marks on them at 3 in., 3^ in. and^5 in. 
from the bottom respectively. The lowest of these indicates 
the depth the tube is to be inserted in the bath, i.c. uptil 
this line is level With the cover, the middle one indicates 
the level of the lower moistened palt of the test paper during 
the test and the top line the level of the lower side of the 
rubber cork. In carrying out the tesk the explosive is 
prepared as described below and transferred to the test-tube. 
A piece of test paper is then impaled on a platinum hoojc 
Sealed on to a glass rod, this latter passing through 5 rubber 
cork, and the upper edge of the paper moistened with a 
mixture of equal volumes of distilled water and pure glycerine 
(B.P. speoification). The rubber cork is then inserted into 
the test-tube, and the whole slipped into one of the holes, 
in the cover of the water-bath and covered with an opaque 
cap to exclude light. The temperature of the bath is 160/ 
Fahr. or 170° Fahr., depending on the explosive being tested, 
and the time is noted which el^apst^'^ before i*he brown line 
which appears at the margin of the wet and dry portions 
of the paper matches the standard. 

When setting up a test absolute Cleanliness , must be 
qj^sei'ved, and on no account must the paper be touched 
with the fingers, forceps being used. ' . 

In preparing explosives for the test, the end portions of 
cartridges or sticlo; are ^always rejected! The follo'^ving 
outlines the methods t^mployed for the different types of 
explosives : — 

I. Dynamite and other nitroglycerine prepar(itions from 
i whici the nitroglycerine can be comenienily aj^r^ted with 
water. <, ' ^ * 

‘ Thirteen grams of the explosive are evenly pressed down 
with a glass ro'd on^a* filter papert.supported by a 5i"Cni. 
glass funnel. The funnel is theiii placed in a h^at test-tube 
and filled with water. This displaces the nitroglycerine of 
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which 2 c.c. are collected, special heat test-tubes with a 
mark* corresponding to this amount being used. If any 
water goes through with the nitroglycerine a fresh sample 
of*the explosive* must be extracted. 

II. Carhonite and similar friable preparations from which 
the nitroglycerine cannot h» cofloeniently extracted with water. 

A sample weighing 3*2 grams is transferred to the heat 
le.A-tube and pressed down to a height *of 3 cm. by means 
ul a flat-hjeaded gla.ss rock* 

III. Cordite and other Propellants of Class 3, Division i. 
If the e^'plosive it* In sticks or tubes these are wiped with 
filter paper, the ends cut off and rejected, and the remainder 
then cut ii!»> pieces J in. long and ground and sieved, a 
^slancjard grinding mill and a standard nest of sieves being 
specified by the committee. The weight of the ground and 
sieved sample taken for the test is i‘6 grams, this not being 
pressed down but*mercly made to settle J^y ti^pping the 
outside of the tube. If the explosive is in grains it is not 

' ground or sieved. Nitrocellulose propellants when in sticks 
or tubes srre treated in the same way. 

IW^Nih icdlidosc Pulp. 

The exi)losive is juessed between six thicknesses of 
filter paper, and 5 grams ot the pressed pulp w'eighed out 
and dried at 43-9'' C. on an aluminium tray for 15 minutes. 
The dried sample If then sieved under standard conditions, 
exposed to the air for 4 hoars, and then 1-3 grams weighed 
out, transferred to the heat fest-tubc and pressed dowii 
gently to a height of 3 cm. , 

C^itrocellulost^ proj)cllants in grains, are' tested in the 
same way as guncotton pulp, except that they arci oiiot 
sieved and the preliminary pressing between filter paper is 
of course dispenseef with. 

, V. Cqpipresse^ Guncniion. 

Scraping's are taken from the centre of the slab by means 
of a hbrn spatulum.and s*tirred for 15 minutes with cold, 
•distilied water. The ^ftter is th$n pom^d off and the 
process repeated, after wljjch the guncotton is treaded* in 
exactly the'sanfe way as guncotton pulp. 
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spaced holes in the cover, one of theie carrying the ther- 
mometer and the other six the test-tubes containing the 
explosives under examination. The level the water is 
J in. below the cqyer. The test-tubes are 5| in. long, and 
have three etched marks on them at 3 in., 3^ in. and^5 in. 
from the bottom respectively. The lowest of these indicates 
the depth the tube is to be inserted in the bath, i.c. uptil 
this line is level With the cover, the middle one indicates 
the level of the lower moistened palt of the test paper during 
the test and the top line the level of the lower side of the 
rubber cork. In carrying out the tesk the explosive is 
prepared as described below and transferred to the test-tube. 
A piece of test paper is then impaled on a platinum hoojc 
Sealed on to a glass rod, this latter passing through 5 rubber 
cork, and the upper edge of the paper moistened with a 
mixture of equal volumes of distilled water and pure glycerine 
(B.P. speoification). The rubber cork is then inserted into 
the test-tube, and the whole slipped into one of the holes, 
in the cover of the water-bath and covered with an opaque 
cap to exclude light. The temperature of the bath is 160/ 
Fahr. or 170° Fahr., depending on the explosive being tested, 
and the time is noted which el^apst^'^ before i*he brown line 
which appears at the margin of the wet and dry portions 
of the paper matches the standard. 

When setting up a test absolute Cleanliness , must be 
qj^sei'ved, and on no account must the paper be touched 
with the fingers, forceps being used. ' . 

In preparing explosives for the test, the end portions of 
cartridges or sticlo; are ^always rejected! The follo'^ving 
outlines the methods t^mployed for the different types of 
explosives : — 

I. Dynamite and other nitroglycerine prepar(itions from 
i whici the nitroglycerine can be comenienily aj^r^ted with 
water. <, ' ^ * 

‘ Thirteen grams of the explosive are evenly pressed down 
with a glass ro'd on^a* filter papert.supported by a 5i"Cni. 
glass funnel. The funnel is theiii placed in a h^at test-tube 
and filled with water. This displaces the nitroglycerine of 
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The following ta^le shows the temperature and amount 
of tl^p different explosives used, together with the minimum 
time in mmutes they are required to stand 


■ Explosive. 1 

Quan'Hty. 

i Tempera- 
j ture. 

Time. 

Njlroglycerme exi racted fromltynamite 

2 C.C. 

1 lt>o° F. 

15 

Friable nitroglycerine explosives . , • 

yz grains’ 

160® F. 

7 

Crtilatinized explosives . . . . . . | 

5 Vi 

1 00® F. 

10 

1 

I'Yench chalk ) 


tji 

Cordite and other n. iOglycerinc pro- 




pellants 

1 0 grains 

j 160® F. 

10 

Nitrocellulose, pulp or^rompressed 

.. 

! 170® F. 

10 

Nitrocellblose propellants 

I 3 

! 170® F. 

lo 

Bellitc, and the like . . . . ' 

.. 

1 170° F. 

10 

Cordite Ma^l- I. and Coidite M.D. , 



(Cxovernmear Contracts) .. | 

I'C) 

: 180® F. 

30 


The heat test has been adopted by most countries either 
alone or, more usqally, in conjunction with other tests as 
the standard method of measuring stability’, but* the details 
of its application uaturall}' differ in some respects from 
those in Jorce in Great Britain. It would be a great con- 
venience if an international method of carrying out the test 
could be established and adopted by all countries. The 
test suffers fi^m the disadvantages of being too sensitive, 
and of being jiiasked by minute traces of certain chemicals 
such as mercuric^ cklohde. Alcohol and ethyl acetate 
prolong •it, and consequei^tly it is not very reliable for 
nitrocellulose propellants whigh have been gelatinized ky 
these solvents. On the other hand, ozone or peroxide if 
present in minute traces greatly reduce it, aiyf so does oxalic 
acid, although it’probably cA^es i>ot affebt the real stability. 

.As a manufacturers’ guide the.test is undoubtedly useful, 
but as a guaranto^i of stability far too much reliajace would 
seem to be placed on it, as unless a very careful analysis of 
*the expjbsire is !nade tit th^ same time it is quite possible* 
that rgally Unstable explosives might pass the test,* whereas 
. really stable ones might ^gil. The l^st is re^ly too sensitive,* 
135 X 10" ® mgr. of flitrdgen peroxide being sufficient to 
produce tke standard tiflt. It is difficult, however, to 
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propose a more satisfactory test, althoiji/gh several attempts 
have been made to do so. These may be dividecj into ^hree 
broad classes, viz. tests similar in nature to the* Abel heat 
test, in which reliance is placed on the detection of traces of 
oxides of nitrogen ; ‘tests in which the explosive is submitted 
to more drastic treatment and which refy on the pffodudtion 
of visible fumes, self-heatijig or explosion ; and quantitatit/^e 
tests, in which the quantity of oxides of nitrogen is actually 
measured. Of the trace tests may, be mentioned the GuU- 
mann, Spica and Moir tests. Of these the first relies on the 
production of colour in a ])apcr impregnated with a solution 
of diphenylamine and dilute sulphuric acid. It is not 
masked by mercuric chloride or by alcohol or etbyl acetate, 
a,nd is in use in some countries, although its reliability hai. 
been criticized. Spica s test is similar, except that m- 
phenylenediamine and cane sugar are used, but it is far too 
sensitive. Moir s test, on the other liand^ employs a mixture 
of a-naphtliylamine, sulphapilic acid and acetic acid, and 
is even more sensitive. 

Vieille’s test involves more drastic treatmenj: of the 
explosive, and a much less sensitive indicator is usv>d, viz*: 
litmus paper. It is carried out by heating the explosive 
on successive days for 8 hours to iio‘' C. or'’ until the test 
paper assumes the standard tint. This process is repeated 
daily until the time is reduced to iTiopr, and the sum of 
all tl^e times then taken as a mejxsure of stabilit}'. Although 
officially adopted in France,* the test must be regarded as 
a very crude one. ' 

A somewhat more satisfactory test of a similar naturtc is 
use^ in Germany, in tjiisvest ihe explosive is heated under 
standard conditions at 133" C. (the boiling point of xylol), 
and the tjme noted which elapses before {*1) litmus paper is 
reddened ; (2) brown fumes become visible ; (3) explosion 
takes place. If many samples are to be tested K is^ some- 
what tiresome test to carry out o>ving to the explosicei. 

Another test depending on the production of brown f^mes . 
hasi been introduced ‘for testing Mark I. Service Cordite, 
which has been in stock for sonie time, and the heat test 
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of which has fallen to between four and eight minutes at 
160° lihe test is applied by placing 50 grams of the 
ground Cordite in a vacuum- jacketed silvered flask heated 
bf a water-bath to 80° C. A sensitive thermometer is in 
contact with the Cordite, and the neck of the vessel is 
provided iVith a sid?: tube. Observations are made of the 
interval of time that elapses before* (i) brown fumes are seen 
ill \he side tube ; (2) the Cordite begin^i to heat spontane- 
(>aB)ly ; (3) the spontanectfs rise in temperature reaches 2° C. 
The test is known as the Waltham Abbey Silvered Vessel Test. 

Of tlje quantit£i(ive tests, the best known is that devised 
by Will. This is carried out by heating the explosive to 
135° C. ill i* current of pure carbon dioxide, the rate of flow 
di the gas being 1000-1500 c.c. per hour. The carbon dioxide 
and gases evolved by the explosive are then led over 
heated cupric oxide and metallic copper in order to oxidize 
any organic mattet and to reduce oxides* of nitrogen to 
' elementary nitrogen. Finally, ^hey are collected over 40 
•per cent, caustic potash in order to absorb the carbon dioxide. 
The voluKie of nitrogen thus obtained is noted at regular 
ifttervak durlr-g the test, and from the figures thus obtained 
a very good idea of the rjte of decomposition of the explosive 
can be formed. 

Othei; test* of a similar nature have been devised, but 
they present little ii»any adv^antage over the Will test. 

LITEKATUKE 
Mechanical Shock 

I , 

, A friction test whA.h has been ^dopte!' in America is described in,fhe 
■ Biillehn of the U S Bureau of Mma, No. oo^ pp. 15 and 290. 

The falling weight te.st is described in the following publications : — 

" VI. International^^ongresi df Applied Chemistry," vol. 2,^p. 522. 

" VII., International Congre.ss of Applied Chemistry,” Section 111 ., p. 2 3. 

S. S., 1906,* pp. 14, 209. BuUehn of U.S. Bureau of Mines, bf>, 
jfp. 17, 28^# Mjirine-Aundsclfou, 1905, 1345- 

DETONATIO^f AND INFLUENCE 

. 2 . mg,, 1904. 546. 

1913, p. 1^5. , , . 

" VIl. International Congress ^ Applied Chemistry," vol, iii h, p. 30, 

Bulletin of the Uj 6 . Bureau of Mines, No. 15. 

T. 
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Exudation 

US. Bureau of Explosives Reports, Nos. 2 anu 4. 

6.S., 1910, p, 213. A.E., 1914, pp. 150, 162. j 

International Committee 

*' VIII. International Congress of Applied Chemistry," voV 25, pp. ^61, 

305- 

^ Heat Test, etc. '' 

Very full directions for the application of the Heat Test will be found 
in " First Report of the Departmental Committee on the Heat Test as 
Applied to Explosives," published by Authority, London, 1914. This 
publication gives detailed drawings of the app»^:ratus required. Some 
United States conditions will be found in A. Matshall, “ Explosives," 
vol. 11., London, 1917, and in E. C. Worden, " Nitrocellulose Industry," 
vol. ii., London, 191 1. . " 

Several papers describing research work on the test have appeared 
from time to time, of which JS.C.L, 1910, 130, is of particular i&ter^st. 

Guttmann described his test in JS.C.I., 1897, 293. Sec also S.S., 1912, 
p. 153. 

Moir’s Test and Egerton’s modification of it arc treated in /.S.C. 7 ., 
1913. 33L and 191^, 113. 

Vieille's Test is described by R. Escales in " Schiessbaumwollc," p. 184, ^ 
and in E. C. Worden, " Nitrocellul 6 sc Industry,” vol 11. p. 9(19. 

The best descriptions of the German test at 135® C. will be found in'' 
R. Escales " Schiessbaumwollc, " p. 183, and in E. C. Worden, " Nitro- 
cellulose Industry," p. 971. *■ 

A. Marshall also gives a short description of it in his b^ook '* Ex,plosiveai” 
vol. ii. p. 002, 

The Waltham Abbey Silvered Vessel Test is described in " Regulations 
for Army Ordnance Services,” published by Authority f!i9o8). 

Will’s Quantitative Test has been studied by Robertson in JS.C.I,, 
1902, 819, and Soc., 1907, 761. Further descriptions of the fest will be 
found in— ‘ ■< 

R. Escales " Schiessbaumwollc," p^iSO. 

Ii, C. Worden, " Nitrocellulose Industry," p. 974. ‘ 

^ The following references deal w^Hh other tests of a similar nature 

Z. ang., 1904, 982 ; JS.C.I., 1905, 347 ; 1912, ibi. 

J. Am. Chem. Soc., 30 , 271 ; Soc., 1907, 764. S.S., igo^, p. 29 ; I910, 
p. 121. P.S., x?v. P-42- A.R.. 1903,26; 1904,28; 1905, 28. " VHL 

Congress of Applied Chemistry," vol. nj, b, pp. 147, ij;7. Also R. Estales, 

“ S^l^iessbaumwolle," pp. ^77-19^; L. C. Worden, "Nitrocellulose In- 
dustry," pp. 968-984. ,, 



CONCLUSION 

In surveying the ingredients which so far have been found 
suitably for use ir^ the manufacture of explosives, one is at 
once struck by the paucity of the number of oxidizing 
agents avj. liable. Of organic compounds only one, viz. 
iJitrogl>iceiiiie, contains more oxygen than is necessary fey: 
its complete oxidation . It is true that one or two compounds 
such as tetranitro methane contain an excess of oxygen, 
but they are difficult to obtain, and even if obtained have 
' objectionable qualities such as intense toxic action. Nitro- 
* mannitol, of course, has some available oxygen, but it is 
too expensive for general use, and other possible compounds 
such asdinilr-? tartaric acid are far too unstable. As it is 
theoretically impossible to obtain a nitroaromatic hydro- 
carbon with Jlvailable* oxj^gen, the unknown hexanitro- 
benzenc woul.I only contain just enough for its complete 
oxidatierf, the chiyices of obtaining a suitable organic 
oxidising 'agent would seem Very remote. Of the inorganic 
oxidizing agents available, on^ three classes are of any 
imp'ortance? viz. the nitrates, chlorates and perchlorates, 
altlv)Ugh bichroyiates have been used^ to a very minor 
.extent. * * ‘ 

Of these the nitrates are the clrapest, but unfortunately 
the most suited o^ them,* viz. ammonium nitrate, has the 
qbjectionable quality of bbiug very hygroscopic. In spite 
of this it* has me? with^ wide; application, and is proSably 
destined to Vk employed to»a far greater extent in tlie near ^ 
Suture^ owing to the prodwetion of theap a;?imonia by the 
Haber process amd of cSea^nitric acid by the oxidatk)n*of 
this or direetly*frora the mr by electrical means. Up to 
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the present waterproofing the cartridges with wax has 
been chiefly relied on as a means of preventing the* absorb) tion 
of water by the explosive, although one or two ' explosives 
are put up in cases^ made of an alloy of tin and lead. The^e 
are objectionable, however, in underground workings owing 
to tlic poisonous nature of the lead bxide produced.' Possibly 
aluminium foil may prove more suitable as its oxide is nqt 
poisonous, and the heat of combustion of the foil wouid 
considerably increase the power of’ the explosion. It shofild 
be noted that ammonium nitrate, with the exception of 
ammonium perchlorate, is the only inorg^iic oxidizing agent 
giving no solid products. 

Of the other nitrates, sodium nitrate is the cheapest, but 
suffers from the same disadvantage as ammonium • nitrate, , 
only to a lesser extent. Potassium nitrate has not this 
disadvanatge, but is much higher in ])rice. Neither barium 
nor lead filtrate is hygroscopic, but Imfortunately both 
barium and lead salts are very poivSonous, so that neither ' 
of these salts is suited for use as an ingredient in explosives ' 
for use underground, and in addition to its toxic jiroperties, 
lead nitrate reduces the velocit} of detonation to U great 
extent. As a class the nitrates, aijd partic^darly those of 
ammonium, sodium, and potassium, are likely to hold the 
premier place as oxidizing constituents in explosives. In 
this connection it should be po^/itcd out that the synthetic 
nitric acid jjroccsses are at present more suited to the 
production of nitrates than Vo the production of^nitrid: acid. 
In all these processes it is not nitric acid but nitric dioxide 
that is produced, a^id althougji, this can converted tnto 
nitric acid by the action of water and air — 

, 3NO2 + H2O = 2HHO3 +.NO 
NO+0=:NC02 

I < < . I 

this cap only be done at present by means of an elaborate 
I system of towers,* the gases flowVng in one dir(?Ction find the 
liquor feeing ck ciliated? from the** bottom of one toy^er to 
thk tdp of the next on the counter-current principle. Pump- 
ing straight nitric acid is always troublesome, and although 
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it can be achieved V^ith ferro-silicon pumps or in glass or 
stoniware 'pipes by the air-lift, the former are expensive 
and the Lvt-ter yiefficient. In any case, the towers yield an 
acid of a strength not exceeding 6o percent., which is too 
we«!4 for iriost nitrations and it can only be concentrated 
by distillation with sulphuric acid, calcium pitrate or other 
s-xptable dehydrating agent. The* methods of concentration 
'^ill no doubt be greatlv improved in fhe near future, but 
. in the meantime t’le weak acid is quite suitable for making 
nitr&tes, as it is only necessary to neutralize it with the base 
and thfc^i evaporate the solution. Of course only a small pro- 
portion of the nitrate made will be used for the production 
of explosives, the bulk being manufactured for agricultural 
* pur^os^s. It may be remarked in passing that the use df 
synthetic nitric acid will go a long way towards simplifying 
the chemical engineering side of plant construction, as the 
synthetic acid, uirlike that obtained fron» Chili saltpetre, 

^ contains no chlorine and is consequently much less corrosive. 
Probably chrome steel will be found quite suitable for 
handling it, although this alloy is badly attacked by 
commercial uuric acid made from Chili saltpetre. 

Of the chl'^rates, only tjie potassium salt is used to any 
extent, the sodium salt being too deliquescent and the 
ammonitim kalt unstaHe. Even the potassium salt is 
never liljely to be*much us^d except for the production of 
matches, as Cheddite is about the only chlorate mi5;tiy:e 
which is ijot unduly sensitive, or likely to become so on 
keeping. • 

, *The perchlorates are i«^ore «;table»than the chlorates, 

’ from which they are obtained by ^lettrolysis, and iu a^Mftion 
they contain mo^e oxygen. Before the war their use was 
on the increase, and the erection of a large factory for their 
•production ior vmr purposes should lead to their inoreased < 
application.* It is ’interesting to compare the ]»rices of 
nitrates, chlorates and perchlorates,^ and tte followiv.g figures* 
for lftie potassium salt* are^ based on grices^current in 
The figure^ are^in shillings'^er loo lbs. of salt and in shillings 
per lb. of available.oxygen : — 
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Pet cent. 

Price per lb. 


Price per cwt. 

Available 

,\vailaf4e 


Salt. 

Oxygen. 

Oxygen. 

KN03 • 

.. 47 

40 

1*17 

KC103 . 

. . .. 66 

39*3 

I *68 

KC104 . 

.. 80 

46-3 

173 . 


The fact that the perchlorate is slightly niore expensive 
than the chlorate per unit available oxygen -is more than 
counterbalanced by increased saftty, but it is difficult -^o 
see how perchlorates can ever compete with nitratej^ for 
general purposes, especially in view of ^he production of 
cheap nitric acid in the near future, although they will no 
doubt be increasingly used for special purposes. J'.mmonium 
perchlorate, like ammonium nitrate, gives no solid jnatter, 
but unfortunately it gives chlorine, and so can only be used 
in conjunction with an alkali or alkali earth nitrate or organic 
salt to provide a base with which the chlorine can combine. 
It is practically non-hygro.scopic, and cost (pre-war) about 
])er lb., this corresponding to 3*8 shillings per lb. ' 
of available oxygen. This figure mu.st not be compared 
with those given above for the potassium salts, as aninconiurii 
perchlorate is an explosive in itself — 

2NH4CIO4 = 4H2O -I- Cl, N, + 20, 

In spite of the disadvantage df producing" chlorine the 
salt is likely to find considerablf application, as it seems to 
assist the detonation to spr^ead provided a strong enough 
detonator or primer is used. , 

Turning ifow to the combustible matters, these pe 
chiefly nitroaromatid hydrQcarb«i»iis, and to-produce a really 
satisfactory explosive they should for preference be capE^ble ' 
of exploding alone. At present 4he nifro derivatives of 
benzole and toluol are chiefly used, and to a lesser extent 
the mtro derivatives of naphthalene. This lattet, hydro-* 
carbon, kke all condensed nuclei qompouhds, suffers fr^m the 
disadvantage that the number of nitro' groups* that ca,n be 
intpd^uced is smaller jn proportion U the nupiber of carbon 
atoms than is the case with uficondensed puclfji, and for 
this reason derivatives of fluorene, acenapjithene, pyrene, etc., 
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although they will jirobably come into use in the dye stuff 
industry, are not likely to be employed in the manufacture 
of explosives even if produced at a sufficiently low price, 
'fhis Is made clear in the following table, in which is shown 
tb^ij^umber of atoms of oxygen per mofecule of compound 
and the ^ams of dxygea pef hundred grams of compound 
\vTbich are necessary for complete /)xidation f— 




j Extra Oxygen required. 

Compound. • 

• , 

j « 

Molecular 

weight. 

^ Atoms per mol ' 

Grams per 
luo grms. 

Dmitrobcnzole . 

168 

10 

94’4 

Trinitroben 

2n 

, 

5^>‘4 

Dinitrotoluol *. 

182 

M 

114 

, Vin’trottoluol 

227 

loj 

74 • 

T rim tronaphtha len e 

20^ 


100 

Tetranitronaphthalene 

308 

\(/ 

83*1 


Trinitrobeuzole shows up best, but uiffortuTiately it is 
too expensive to produce. It is notable that no catalyst 
for facilitating nitration has yet been discovered. vSuch a 
gatal5''^t v^uld be most valuable, and might have a great 
influence on explosives manufacture. 

It seems improbable that for general purposes much 
progress is be expected in the way of production of new 
combustible matb rs, . although exhaustive nitration may, 
and probably will, lead to 'Jie production of highly nitrated 
compounds like tetryl which, ^although suitable for special 
purposes s^ich as for initiators, are too expensive for general 
bigsting use. The numerous trinitrotoluol p^lhnts put down 
. for war purposes and thc'^expe^icnce gained in the manu- 
facture of this substance render It probable that ^*will 
become the stand^ird combustible. In any case, the amount 
held in stock for military purposes will probably suffice to 
* supply. fho need# of the* explosives works for some time if it* 
is disjjosed ^f as “ surplus jtores.” ^ • 

Up to the present G^ignite ha^ been the standard higlf 
explosive for general blasting purpo^s, and nitroglycerine 
explosives •liav^ also been Very widely used in coal mines, 
but it is doubtful if*nitroglycerine explosives will retain their 
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supremacy much longer. The production of cheap ammo- 
nium nitrate and cheap T.N.T. will certainly give a great 
impetus to explosive mixtures composed of these ingredients, 
and as their manufacture is cheap and saie so that very 
little explosion rist has to be carried it should be po^^ible 
to put them on the market at a very low price, thu\i enabling 
their use to become more general, e.g. for agricultural work. 
Whether the Merger Com])any (Explosives Traders, Et^‘) 
which now controls practically the whole explosives tratlc 
in Great Britain will do so or not remains to be seem If 
not it is probable tliat the big mine ownerJi will manvfacture 
their own explosives, more especially as the big coal mine 
companies usually also own by“])roduct coke^ oven in- 
sjtallations, and will no doubt be among the first t© install 
synthetic ammonia plants. Mixtures of T.N.T. and am- 
monium nitrate can be made up to be as jiowerful as Gelig- 
nite, and l^y addling aluminium powder Extremely powerful 
explosives of the Ammonal class can be obtained. Of 
course there is always the diflicult)’ of deliquescence, but 
the present waxed paper wrappers afe more or less satis- 
factory and are capable of improvement, and tire introduction 
of aluminium foil cases would seem to be quite feasible. 

The future is likely to see considerable improvement in 
detonators, and probably the orc^inary fulminateichlorate 
detonator will be very largely replaced* by the composite 
detovator made with lead azide, unless further research 
bi^ngs to light a more satisfaiJtory initiator. ^ 

The probate development of the propellant branch of the 
industry is more difficult to forecast, althougjr minor improVe- 
men,^^ will be brought about in manufacturing details. No 
great departure from present day composition is to be looked 
for until some smokeless oxidized agent is*^discov^red which 
^ has suitable properties. Of the only t^o av4,ilable aUpresent, v 
ammonium nitrate is far too deliquescent, and^ ammonium 
perchlorate corrodes the barrel tod much to be uSed. tJnless 
such an oxidizing agent *is found^ a\i^ great departure ^rom 
present day compositions could gnly be made by the intro- 
duction of some “ combustible matter ” con taming sufficient 
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oxygen to explode without the production of smoke, i.e. con- 
tainit% enough oxygen to convert the hydrogen into water 
and the ca?bon into monoxide. Both trinitrobenzene and 
te!ryl almo-^^t satisfy these conditions, and* an almost smoke- 
less powder could be produced from them by adding a little 
potassium *nitraLe. Unfoftunately such mixtures are far 
too brisant for use as propellants,* and at present it is not 
ea§y to sec how their combustion is t6 be regulated. A 
.propellant* made from definite ])ure chemical compounds 
would have many advantages over those composed of 
indetenuinate mixtures like nitrocellulose, but no success 
has yet been achieved in this direction. Of course, nitro 
starch ma/ become a commercial success, but it is little 
*TTtore,dehnite in nature than nitrocellulose. 

In recent years a considerable number of patents have 
been taken out covering the use of stabilizers, and more 
progress is to be looked for in this direction, a- stabilizer 
'being desired which does not have a bad effect on the 
ballistic properties of the propellant and which does not 
mask stability tests, ihus giving rise to a false belief in 
securit>^. 

The war has showii^ to what an extent the dyestuffs, 
explosives and fertilizer traies arc interdependent, and the 
advent oi syurnetic nitraVs will make them even more so. 
It is notable that one of the largest explosive producers in 
the w^ 3 rl(f, E. A. du Poni "he Nemours (U.S.A.), is now 
conceiitratiTig on synthetic dyesl^iffs, and that in this country 
Nobel’s Explosives Company, Etd., now merged into Ex- 
plostves Trades, l^td., have acquired a large Interest in the 
^dyestuff combine. Whether this te<idency to concentrate 
business in the hands of ope combine will ultimately benefit 
the consumer or not is dopbtful, although it will ho doubt 
benefit tit? shareholders^ 
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• Flash lights, 170, 177* 

’* Flursheim, 0, 69 
Forefte extra, 105 
supi^rieure, 105 
No. I. 10^ 

Forsyth, 2 

Fouling, . i 

Fractoritc B, 140 

French okalk, 2M „ 

Friction test, 208, 209, 210 
Fulmcift, 113 - ^ 

Fulminate. See Me»cury fulminate. 

Definition of, 13 
Fuze, Definitioft of, 13 


Grinding, 19 
Grisounite couche, 1 4 1 
roche, 128, 141 
Grisoutite, 140 

Guncotton, 2, 3, 45, 73. 193, 211, 221 
Gunpowder, 1, 10. 11. 17-27, 118, 
199, 210 

Gutlmanii’s test, 224 j 

9 

Heat of explosioiL^lO, 197, 213 
test, U 12, 208, 217-224 
Hef .ules Powder, 97, 98 
Hcr^ulfte. 137 
Herz, 147 

Hexanitro benzene, 30 * 
diphenyl, 03 

amine, 30, (^. 63, 
193, 210 
oxide, 03 4 

•sulphide, 03 
sulphone, 63 
inosite, 29 * 
mannttol, 28, 29. 62 
oxanihdc, 03 
Holme's Buoys, 170, 177 



INDEX r 


238 


" Iena ” disaster, 81 
Ignition. 213, 214 
Imperial Schultze, 80 
Impregnating, 163, 164 
Incorporation, 20, 74, 214 
Indurite, 82 
Influence, 212 ^ 

Initiators, 143-166 
Inosite, 29 
nitrate, 29 

Instantaneous fuze, 168 * 

Italian powders, 78 

Jellybag mixer, 149 
Judson Powder. 98 

Kentite, 132 
Kiesselguhr, 93 
Klepsydra, 204 
fsKohlencarbonitc, 140 
Kynarkite, 135 
Kynoch’s Smokeless, 86 

Labyrinths, 37 

Le Boulange Chrohograph, 202-204 
Lc Chatelier, 201 

Lead azide, 13, 28, 31. 143, 146. 147 
block. 179-181 
dioxide, 163 
nitrate, 92, 176, 228 
picratc, 147, 210 
thiocyanate, 163 
thiosulphate, 148 
Leaders, 176 
Ltftcr// disaster, 81 
Life-saving rocket, 176 
Ligdyn, 98 
Lighting building.-., 8 
Ljquid air, 4, 108 

Low powder, 98 ‘ 

Lyddite, 6 


Macarite, 185, 193 
Md^k^mes, 7 

Magnesium powder, 176, 177 
sulphate, 120, 164 
Mahieu Chronograph, 206 
Mallard, 201 

^ Mangahese dioxide, 108, 163 

Mannitol ^hexanitratc. See Hexa- 
nitromannitol. « 
Manufactiired Firework, Definition 
of, 14 « 

MafceK Chronograph, 204, <-206 
Maroons, 170 

Match composition, 163-167 


Match mpehines, 164, 105 
Non-safety, 163 
Quick. 168, 176 t 
Safety, 163 
Slow. 168, ^76 
Strike-any where, 163 
Wait-a-minute, 164 
Matches, 162-167 
MfoNab, 6, 120 

McRoberts mach;nc, 100, 101 
Mechanical shock, 208, 209, 216 
Melinite, 6 

I Mcrj'tury chloride, 223 , 

lulminate. 2, 13. 28, 31. 143- 
146, 193, 199, 210 
Mcttegang. 186,' 197 
record f*., 186 
Mica, 96 
Milling, 20 

Mineral jelly, 71. 1?, A 
Mimte, 140 
Mixing explosivc.s, 19 
Modditc, 78, 79 
Moir's test, 224 
j Monobel No, i, 134 
Ai, 1.3,-' 

A2, 1.34 

Mononitro. See wider Nitro 
Mortar, 181 

Moulded powders, 25, 67, 68 
Moulding, 26 
Mullcrite, 87 
I Muzzle flame, 70 ' 
velocity, 202 


, Naphtha, 108 
NafhaR, 37. 45 
Nationahtc No, 1 , 132, 133 
No. 2 . 132, 133 , 

Necrosis, 163 
Nconal, 137 

No. I, 137 1 

Neu-Westfalit, 138 
Nitrate Mixtuim, Definition of,' 4 1 
^^itrating-centrifugc, 48, 49 
-house, 32, 37 
Nitrator-separator, 37-39 
Nitric acid recovery. 04, 66 
Nitro acetin. See Dinitroacetyl 
glycerine, 
btfizole, yi2, lOS 
bcr.j^jil nitrate, 30 
celluose, 23, 43, 44, 70, 82, 
211, 213, 221, 223. See 
also Collodion ; Gun-'otton ;* 
Pyroxylir , 

I chlorhydrin. See Dinitrochlor- 
hydrin. '■ 
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Nitro compound, Defiaition of, 11 
cotton. See Nitroccnulose. 
di^zob^niene nitrate, 30 
diglyceri'j'\ See Tetranitro* 

diglyc rine. 

formin. Dlhitroformin. 
glucose, 

glycerine, 2, 3, 12,^8, 29, 37- 
*41, 1%1, 191 193* 199, ^10. 

^ 213,223 

, glycol. See Uinilroglycol. 

? lignine, 6, 85. 

» mannitol. See Hcxanj[tro- 

* mannitol. • 

methane, 29, 01, 01. 103 
rUlphthalcnc, f09, 1 1 1 
pbenvl nitromethoi < , 30 
starch, 29, 02 
sucrose, 29 
sugars, 2i, 
toluol. 53 

,^tbcl,3, 71, 196, 197 

OCHRK. 93 
Oleum, 32, 47, 53 
Oxyliquil, 108 , 

Ozonides, 31 

I 

i^ACKING, 120, 155 
Paraffin, 109, 113 
Pendulum, ^82-1 84 
Pe!itamtrom^tt‘\d aniline, 01 
Perchlorate cxpios.^cs, 111-113, 137 
Percussion cap. Definition of, 14 
caps, 144-100. # - 

fuzes. 100 

Permissible explo^ ^cs, 10, 121, 123 
Permitted (♦:plosiVcs, 10 121^ lH ') 
Permomte, 111, 195 • 

S.G. P.,140 
Pcrnitral, 112 
Peroxides, 31 
Peteval, 197 | 

Phosphoric acid, 164 
Phosphorus, 162, 103^ 

Ued, 163 • •• 

Scarlet, 103, 160 
sulphide, 103 

White. 162, 103, 100 , 

Phosy-jaw, 163 

Photographic flhsh lights, 170, 17^ 
Meric acid/»6 6* 30, |p8, 69. 186, 
189: 190, 193, 211 
anh5^ride, 6ft 
Picryl chloride, 63, 193 
• sulnhide, 63 
Pitite Nb. 2 , 135, 13^) 

Polarite, 111 
Porosity, 79 


Potassium bichromate, 86, 87, 163 
chlorate, 92, 106*113, 162-167, 
230 

I chloride, 134 

i nitrate, 17, 18, 82-86, 92, 96- 
i 141, 230 

I perchlorate, 92, 106, 107, 111- 

113, 137, 230 

* Poudre B, 6, 71, 81 

I J, 86, 87 . 

I M, 86. 87 

, S. 80, 87 

: T. 86. 57 

I T bis, 87 

Power of cxplosiv^es, 178-184 
Pressing caps, 152 
cordite, 74-70 
detonators, 164 
gunpowder, 21 
propellants, 74-70, 81 
Pressure of explosion, 07, 196 
Pre-washing, 36, 37 
Products of explosion, 20, 27, 91 
Promethee, 108 

Propellants for rifled arms, 07-81 
Gunpowder, 19, 26 
Shot-gun, 8ab-87 • 

' • Smokeless, 67-89 

Nitrocellulose, 71, 72, 79-87, 
223 

; Nitroglycerine, 70-79, 223 

! Pulping nitrocellulose, 61 
j Pyrophoric alloys, 108-170 
i Pyrotcchny, 170-177 
I Pyroxylin, 60 

I Quick-match, 158, 170 

Rack-a-rock, 4, 108 
ij Randanite, 90 
; Recovery of acetone, 77 
I # alcohol, 81, 84, 146 
] ether, 81, 84 

j nitric acid, 64, 

I sulphuric acid^ 04- GO 

, Rc^ Powde?, 134 
Rintoui, 37 
Robtrite No. 4, 132 
Rockets, 170, 174, 175 
Rodman gauge, 196 * 

Rohrenpulver, 78 
Roman candles, 170, 174 

• Rotherham test, 123-126 
Rothweil Pov^er, 87 

SABUlfrE, 114 ^ 

‘ antigr^outcuse, 141 
Safety, 7 

explosives, 117-141 
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Safety fuze, 156 

Definition of, U 
Nitro, 98 
Saltpetre. See Potassium nitrate 
and Sodium nitrate. 

Samsonite No. 2, 132, 137 
No. 3. 137 * 

Sarrau, 197 
Saxonia, 87 
Sclionbein, 2 

Schultze Chronograph, 204, 20C 
Cube Powder, 86 , 

Powder, 5, 85, 86 
Sensitiveness, 207 
Separatmg'house, 34 
Separation, 34, 35, 37 
Shaking test, 214 
Shell fuzes, 169, 160 
Shells, Pyrotechnic, 171 
Shot-gun propellants, 82-87 
Silesia No 4. Ill 
Silica, 35. 90 
Silk, Artificial, 46 
Silvered vessel test, 224, 225 
Slow-match, 158, 175 
Smokeless Diamond, 85 
propelllints, (ff-89 
Sobrero, 2 
Sodamide, 146 
Sodium azide, 146 

chlorate, 92, 106, 109-111 
chloride, 11, 12. 132-134 
lluondc, 35 
nitrate, 11, 12, 92 
powders, 17, 25 
perchlorate, 92 
phosphate, 164 
tungstate, 164 
Solenitc, 78 
So^'cnts, 87 

Specific hcat.s of gases, 201 
Spent acid. See Waste acid. * 
Spica’s te.st, 224 
Sporting Pialhsfitc, 86 
propellants, '67-86, 

Sprengel explosives, 4, 5, 108, l'.)9 
Spli:;^agsalpctcr, 25 
Sauibs, 171, 173 
Stability, 207 
Stabilizers*' 70, 233 
Stamp mills, 20 
Stanffnd Powder, 131 
Star shell, 172. 173 
Starch nitrates, 29, 62 
Stars, Pyrotechnic, 170, 172, 173 
Statistics, 9 » ' 

Steeb’te, 111 c 

sWional No, i, 134 
No. 2 , 134 


Stonite, 98 
Stoving, 24 

straight Dynamite, *97, 12C, 191, 
192, 215 
street, 5 

stump Powder,* 98 
Sucrose nitrate. Setr xy iuu:}U^iuac« 
Sulphur, 18. t 

SuKlerite,* 131 « 

Super-Curtisitc, V32 
•Excellite, 134 
No. 2, 126, 134 
..-Kolax, 135 
* No. 2, 135 
-Rippiife, 6, 136, 13 
Swale Powder, fit 7 

* f 

Tlmperature of explosion, 200, 201 
ignition, 213 

Tetramtro aniline, <6, <fi0, 59 
diglyccrine, 28, 40, 103 
methane, 29, 62 , ' < 

methyl aniline, 6, 30, 60, 185, 
193, 210, 233 

methyl phenyl nitramine, 61 
naphttaleiie, 30, 231 
toluol, 30 

Tetryl. See Tetranitiomcthyl am-' 
line, ( 

'fhames Powder No 2 , 134 
'I'hawing ('xplosjves, 90, 
Tliiophosphitcs, 167 , , 

Thomson, 37, 43 
Thunderitc, 118, 195, 199 
TigcnlWdcr, 

Time fuzes, 160 
recorder, 180, 

Tift thjocyanatc, 1 63 ' 

Tipping iiAitchcs, 164, 165 
X Tonite, 115 . , 

Touch jiaper, 175 
'J'rauzl test, 179-181 
Trcmonitc S. II., 139 
Trimtro benzole, 30, 193, 231, 233 
chlorbcnz^.'le. See Picryi*l:hlo- 
N* ride. *• 

cpesol, 30, 193 
naphthalene, 30, 210, 231 
u phenol^ See Picric acid. 

phenyl methyl nitramine, 30, 
' 60, 185, 193 

<5nilrt\jnctbi.nc, 30 
tftrupl, 6, 30, 62-^8, 85, 99, 
, W3, 168, U»9. 186,< 189, 190, 

Il3, 194, 210. 211, 231 
* xylol, 30 

prriolRe. See T,nnitrotoluoI. 

V Triplex Safety Glass, 149, 161 
1 Tritol. See Ti'mitnotoluol. 
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Trotyl, bee Trinitrotoluol, 

Tubular powders, 74 • 

Turpoatine, JiOS 
TutorNo. 2,^131 

Unite!!) Stales Military Powder, 
79-81 , 

VAR]!l>iSHiNa caps, 162^ ^ ' 

V^eline. bee Min- ial jelly. 

Velocity of detonation, 109, 110, 
'WHS, 186-196, ^12, 213 
Vfiry Stars, 170 
\M<or Powder, 132, 134 136»'” 

No. 2. 134, l&o 
Vieill^, 6. 71 • 

test. 224 * 

Viking PiJwder No. 1, 134 
No. 2, 134, 136 
Violence, Bnsance. 

Viscosity, 49 
Vf'Ikmann, 6 
von lienk, 2 
Vulcan Powder, 98 

Walsrode Powder, 87 
Waltham Abbey Silvired Vessel 
Test. 224, 225 


Warming pans, 90 
Wash house, 36, 36 
waters, 37, 145 
Washing nitrocellulose, 50-62 
nitroglycerine, 36, 36 
Waste acid, 34, 37. 47, 66, 64-66 
Waterproo^g cartridges, 127 
Werner and Pfleiderer Machine, 74, 
• 76, 80. 94. 100 

Westfalite No, 3, 133 
. fur Kohle, 1 13 
Wetter-Dypamit, 194 
Dynammon, 139 
Fulmenit, 138 

Wettersichere Sprengstoffe, 121, 138 
I Whistling fireworks, 174 
Will test, 225 

I Wood, Carbonization of, 18 
Nitration of, 86, 88 
Wrappers, 91, 127-129, 136 
Wurfelpulver, 78 

Yonckitk, 112 
10 bis, 140 

I Zinc sulphate, 104 

sulphide, Iffi * 
i , thiophosphate, 167 
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